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Hydrogen economies 


Ray Hill says that the experts he talked 
with believe we'll learn to produce hydro- 
gen economically [Cheaper Hydrogen," 
PS, Sept.]. We had better do it now—a 
crash program as Roger Billings suggests. 
As a former project coordinator in the 
Apollo program, | know that “impossible” 
things can be accomplished when money 
is provided. Yet in its current budget, the 
Department of Energy does not specify 
one nickel for hydrogen research. In fact, 
the word hydrogen does not appear any- 
where in the 60-page document. Could it 
be that someone does not want cheap 
hydrogen on the energy scene? After all, 
who could control the oceans of the 
world? 

H. R. Hinds, South Lake Tahoe, Calif. 


A true adventure 


Your coverage of readers’ projects in "Ad- 
ventures in Alternate Energy” excited my 
experimental side. | decided to build a par- 
abolic solar reflector because there has 
been little information published about it 
and | thought! could add a new twist. As it 
turned out, | did just that. 

The reflector began as a 48-inch ply- 
wood circle on which | cemented 48 
curved ribs radiating out from a six-inch 


center. On these | mounted 480 pieces of 
mirror. When finished, | took it out in the 
sunshine, tilted up one side with bricks, 
and stuck a dowel in the center to find the 
invisible hot spot. Checking with a ther- 
mometer gauge, | found that the temper- 
ature was in excess of 700 degrees F. Then 
| made a plywood stand that allowed rota- 
tion and vertical adjustments. 

Proud of my work, | organized a party to 
show off the device with solar-cooked hot 
dogs. The cooker—and the party—was a 
success. But the next day, while at work, | 
got a phone call: "Don't panic, but your 
house is on fire. 

You guessed it—the solar cooker. It had 
somehow been bumped during the party 
so it faced the back of the house. At high 
noon, its hot spot focused on the wall, 
which began to burn, baby, burn. Fortu- 
nately, neighbors noticed the smoke and 
were able to keep the fire limited to the 
storage room and part of the kitchen until 
the fire department arrived (see photo). 

The lesson is clear: Enthusiastic experi- 
menters, take all precautions. Solar en- 
ergy is useful when controlled. Uncon- 
trolled, it's a ball of fire. 

Don McLaughlin, Long Beach, Calif. 


Covered both bases 


By juxtaposing two stories about solar- 
electric homes that are miles apart in both 
application and cost, you have given your 
readers a very accurate analysis of the 
current state of the photovoltaic industry 
[PS, Sept.]. | plan to recommend those 
articles to people requesting information 
about solar cells. 
Joseph Deahl 
Solar Usage Now, Inc. 
Bascom, Ohio 


War and peace 


The article on cruise missiles [PS, Oct.] 
gives a good account of their technical 
features, but fails to point out that deploy- 
ment of these weapons will make nuclear 
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experience suggests that the Soviets will 
quickly match the U.S. lead in cruise mis- 
siles. 

Then, this country will be at risk from a 
technology whose development was led 
by the U.S. itself. Our security would be 
better served by pursuing arms-control 
agreements. 

Gordon Thompson, Staff Scientist 
Union of Concerned Scientists 
Cambridge, Mass. 


Publication of the cruise-missile article 
was the greatest example of naiveté about 
military information | have ever seen. 
What is the purpose of spending billions 
of dollars to develop a military advantage, 
only to find some of our best technology 
printed in your magazine for anyone to 
read? 

H. L. Waldrop, Peoria, III. 


Panel placement 


| had a difficult time following the table in 
the article on solar-panel orientation [PS, 
Oct.]. Would you please go through it one 
more time? 

Jim Pickett, Minneapolis, Minn. 


Your difficulty is understandable: The text 
said that the portion of the table that relat- 
ed to the example in the text was shaded; 
the shading was lost in the printing pro- 
cess. The table is reproduced here, with 
an arrow pointing out the example. For a 
desired panel tilt of 30° (corresponding to 
the latitude in Austin, Tex.), a roof slope of 
4in 12, and a 45 angle between the actual 
heading of the roof and the desired panel 
heading (usually due south), the table 
gives the following specific instructions: 


Desired tilt 
of panel: 30° 


om desired heading 
turn Back means back toward thal heading 


From its lying-flat-on-the-roof position, 
the panel must be turned an additional 10° 
away from the desired heading and have 
its side lifted 21° by means ofa strut that is 
0.37 feet long (4"/ss inches) for each foot of 
length along the adjacent panel edge. 


Correction: The plumbing diagram of the 
"Self-Draining Solar Collector" [PS, Aug.] 
should have shown a tee connected 
between the storage tank and the relief 
valve. us 
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SCIENCE NEWSFIONT 


By ARTHUR FISHER 


Hidden-line problem 


Remember the famous four-color map 
problem? First posed in the middle of the 
19th century, it required establishing the 
minimum number of colors needed for a 
map so that no area would border on 
another of the same color. Seemingly triv- 
ial, the problem has resisted solution to 
this day. It was easy to see that three col- 
ors are not enough, and it has been 
proved mathematically that five colors are 
always enough, but no one has ever been 
able to prove that the correct answer is 
four. 

Now comes the claim that another 
mathematical stickler, one with an enor- 
mous significance for modern technolo- 
gy, has been solved. Called the hidden- 
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line problem, it has bedeviled computer 
mathematicians and computer experts 
since the inception of computer-generat- 
ed graphics. Basically, the problem stems 
from a computer's inability to perceive a 
three-dimensional object the way people 
do. The computer "sees" an entire solid 
object in one stroke and registers the 
object’s shape and dimensions without 
regard to a particular side or viewpoint. 
When commanded to draw a picture, the 
computer will show all of the object's sur- 
faces, angles, planes, and curves, includ- 
ing those that a viewer could not possibly 
see because they are facing away from 
him—the hidden lines. The result is often a 
confusing jumble of shapes and lines that 
the human viewer finds difficult to inter- 
pret, as in the top computer graphic of an 


aircraft. An effective and efficient solution 
tothe problem requires a method of draw- 
ing any solid object, regardless of com- 
plexity, so that the computer depicts it 
from the viewer's perspective, with the 
appropriate lines hidden—and does it 
quickly. 

Such a solution is now claimed by 
mathematician David Hedgley of NASA's 
Dryden Flight Research Center. That it 
works is shown by the bottom drawing. 
His computer program has undergone 
extensive testing by computer experts at 
Lawrence Livermore National Laboratory, 
and has been found to be fast, accurate, 
and workable for every three-dimensional 
scene tried. Dryden specialists are using it 
to tackle problems in aircraft design. They 
predictthat Hedgley's solution will be use- 
ful in a wide variety of applications, from 
automotive design to metallurgy. 


New look at blood cells 


The mechanism of blood clotting is closer 
to being understood, thanks to a new 
microscope technique developed by re- 
searchers at the National Institute of Men- 
tal Health and International Business Ma- 
chines Corporation. The technique con- 
sists of using X-rays to create a replica of 
an object in a photosensitive material 
called a resist (akin to the method used in 
making microelectronic circuits) and then 
observing the replica with an electron 
microscope. The photo below, taken with. 
the new NIMH-IBM process, is an elec- 
tron-microscope picture of an X-ray repli- 
ca of a blood platelet, one of the family of 
human blood cells. It reveals, for the first 
time, dark filaments threading among the 
vacuoles—the round white objects within 
the cell. 

Biologists have long known that plate- 
lets play a key role in blood clotting. When 
stimulated by the appropriate chemical 
message, platelets launch long fibers 
called pseudopods, which become en- 
twined to form a blood clot. The new pic- 
tures show that these fibers originate 
within the cell, rather than being emana- 
tions of the cell membrane, and reveal 
never-before-observed features of the fi- 
bers' origins. 

More is involved in this discovery than 
the clotting process. Researchers at the 
National Institute of Mental Health are 
keenly interested in platelets because they 
bear many chemical and structural simi- 

Continued 
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larities to brain cells-neurons—but are 
much easier to prepare for study. The 
platelet pseudopods resemble the fibers 
that interconnect neurons; and platelets 
have vesicles—small packets of chemical 
substances that are similar or identical to 
substances called neurotransmitters, 
which carry nerve impulses across neuro- 
nal connections. Medical experts know 
that many neurological disorders stem 
from the malfunctioning of neurotrans- 
mitters, and they suspect that a variety of 
poorly understood ills may derive from 
the same source. 


Antarctic wind 


The National Science Foundation has 
begun a study to learn whether wind pow- 
er could be used to supply a significant 


part of the electricity at McMurdo Station, 
a U.S. scientific-research outpost in Ant- 
arctica. McMurdo is on Ross Island, just 
off the mainland in the Ross Sea. The sta- 
tion consists of some 90 buildings and 
houses a summer population of 800, 
which shrinks to about 80 diehards during 
the long, dark winter. 

Engineers at the University of Arizona 
have been assigned the task of determin- 
ing the feasibility of using wind turbines 
to share in electrical production with 
McMurdo's present diesel generators, 
and of picking the best site for them. 

According to the NSF, the notion of 
wind power in the polar regions is not of 
modern invention. More than 80 years 
ago, the Norwegian explorer Fridtjof Nan- 
sen used a sail-type windmill to generate 
electricity while his ship Fram was ice- 


bound in the Arctic. Nansen's diary states 
that "the windmill works splendidly" and 
that the electric light it provided lifted the 
crew's spirits immensely. 

The first U.S. wind turbine operated in 
the polar regions was installed at Little 
America Il in Antarctica in 1933. 


Magnetic mammals 


West Coast researchers have reported 
finding magnetite, an iron oxide with 
magnetic properties, in the head of the 
common Pacific dolphin. One of the many 
theories advanced by naturalists to ex- 
plain the uncanny ability of some crea- 
tures to navigate accurately is that they 
may be guided by orientation with the 
Earth's magnetic field. The theory was 
supported, in part, by the recent discovery 


of magnetite in certain bacteria that trav- 
eled either north or south, depending on 
which hemisphere they inhabited. Mag- 
netite has also been found in pigeons, and 
is thought to explain their famous “hom- 
ing" ability, but apparently has never 
before been found in a mammal. The dis- 
covery was made by Michael D. Fuller, a 
University of Southern California-Santa 
Barbara professor of geological sciences, 
and biologist John Zoeger of Los Angeles 
Harbor College when they examined sec- 
tions of a dolphin's head. 


Monsoon history 


Students of the Earth's climatic history 
have been able to construct a reasonable 
explanation for the intermittent occur- 
rence of ice ages. These periods of 


advancing and receding glaciers are 
linked to changes in the Earth's orbit 
around the sun and in the tilt of the Earth's 
axis, changes that occur regularly over 
long periods of geologic time. 

Now Dr. John E. Kutzbach, professor of 
meteorology at the University of Wiscon- 
sin-Madison, reports that the same 
changes may underlie the varying intensi- 
ty of monsoons in past geologic ages. 
Monsoons are winds that bring heavy 
rains to huge areas of Asia and Africa. 
They are vital to the rich agriculture of 
both continents, and are a key element in 
the feeding of hundreds of millions of 
individuals. But monsoons vary in intensi- 
ty and time from year to year. The absence 
ofa monsoon can cause drought and fam- 
ine, decimating whole populations. 

Dr. Kutzbach used a computer at the 


National Center for Atmospheric Re- 
search to model world climate 9,000 years 
ago. Because then the Earth passed clos- 
est to the sun in July, rather than in Jan- 
uary, as it does now, the Earth received 
seven percent more solar radiation in 
summer and seven percent less in winter 
than today. And according to the climate 
model, this would have produced more 
rainfall in Africa and India 9,000 years ago 
than now. This deduction has been con- 
firmed by geological evidence gleaned 
from studies of lake levels of that time. 
Therefore, Dr. Kutzbach concludes, the 
intensity of monsoons is affected by 
changes in the Earth's motions. He hopes 
thatthese results, with further refinement, 
will help in making more accurate predic- 
tions of climate. His work was sponsored 
by the National Science Foundation. Ils] 
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* SUPER LOW prices & VOLUME DISCOUNTS on all of our quartz & mechanical * 


Ik clock movements, dials, accessories, weather instruments, and books! * 
Yes! We Accept VISA and MASTER CARD 


ix CALL TODAY: 414-248-1150 te 
| KLOCKIT, P.O. BOX 629, DEPT PS182, LAKE GENEVA, WI 53147 | 
x SEND FOR THE ALL NEW FREE 48 page catalog: (Include 75¢ for First Class Delivery) + 
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\Star View. — | 
Systems 


H&R COMMUNICATIONS, INC. 
Route 3, Box 103G - Pocahontas, Arkansas 72455 


-. EN 


Introduces the 


MODEL 12K 
SYSTEM... 


A complete home satellite 
receiving system that you can 
assemble yourself as a week- 
end project. 


Why $7,000 to 


spend 
0,000. Why pay somone 
e to install it. Do it yourself 
a week-end and save. 


IPPABLE 
"Uso A 


ad CONTA Mi lla; Cabl 
*12' Antenna [ iscellaneous Cable 
*AZ/EL Mount and Connectors Needed (c hannels 
*24 Channel Receiver *Everything You Need 3 
*120? LNA *No Special Tools Needed 
*Feed Horn *Complete Antenna Weight Only 125 Pounds 


Manufactor Direct Pricing: $2, DEALER 


A00 
800-643-0102 or 501-647-2291 "vb 
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‘82 Accord sedan: 
Honda's little limo 


Qual, CALIF, 
When Honda told me that Accord had 
been redesigned for 1982, I asked 
myself: Why change a car that people 
are standing in line to buy? Now that 
Tve seen the new Accords, I have both 
good news and bad news. 

The good: The new models are larg- 
er, more luxurious, and get better 
mileage than their predecessors (30 
mpg city, 41 highway). While I wasn’t 
able to check mpg claims, I can say 
that the Accord sedan I drove here was 
quick, agile, and quiet. Honda’s five- 
speed gearbox is one of the smoothest. 
and most forgiving transmissions I’ve 
experienced. The car’s roomier interi- 
or, a result of the longer wheelbase 
and wider body, has a high-quality ` 
feel—both in materials and workman- 
ship. And the Accord's new-for-'82 
skin gives the car better aerodynam- 
ics and less wind noise. 

Now, the bad news: The waiting 
lists at Honda dealers, I predict, are 
going to be even longer in 1982.— 
R. L. Stepler 


NEWEST THIEF STOPPER. 
ALIGHT SWITCH WITH EARS. 


Imagine entering a darkened room 
that lights up at the sound of your foot- 
steps. A room that's also ‘smart’ enough 
to flick off lights when it's empty. 

Imagine too, an intruder attempting 
to pry open your window at midnight. 
Suddenly, room lights are ablaze, 
frightening him o asd your home 
and family remain untouched. 

And who's your fearless protector? 
A light switch named AudioLite. 

An invention that offers security 
and remote convenience straight from 
the pages of science fiction. 

A slave to your every move. 

AudioLite is also a wall switch you 
never have to touch—because it's sound 
activated. It turns on lights the second 
someone enters a room and turns them 
off when they leave (works outside too— 
in driveways, patios, 
porches). 

How much 
sound does it take? 
You can adjust 
AudioLite’s sound 
sensor to precisely 
any level. At high sen- 
sitivity even the clicking 
of a key in a lock or the 
opening of a door will 
turn on the lights. You 
can also lower its sensi- 
tivity so an extremely loud 
verbal command or noise 
will be required. Or choose 
an infinite number of adjust- 
ments in between. 

Once activated, lights 
remain on for the time dura- 
tion you set, anywhere from 
7 seconds to 7 minutes. 

Don't worry about lights 
going off when you need 
them. Each time AudioLite 
hears a new sound, it resets 
and begins counting over— 
keeping lights on without 
interruption. For quiet read- * 


footsteps. 


Turn on lights with the snap 
of your fingers—even the 
creaking of your 


ing, simply use the manual On/Off 
override. Easily adjustable timer and 
sensitivity controls are recessed and 
child proof. 
Save money in more ways than 
you'd 2 
Hall lights usually left on for hours 
are now on only when you need them. 
Likewise bathrooms, closets, garages 
and patios. You'll find about half the 
light usage in such areas is saved— 
lowering your utility bill accordingly. 
Because Audiolite is also a full 
range dimmer, you use exactly the 
amount of light you need—as well as 
extend bulb life by 15 times or more. 

id you needn't turn AudioLite off 
during the day—a daylight-sensitive 
photocell assures no unnecessary lights 
get turned on during daytime hours. 
Magic that won't fade. 

From the first snap of your 
fingers, AudioLite will be a 
constant source of amaze- 

ment to you and your 
friends. Ana because it's 
solid state electronics— 
with few moving parts to 
wear out—it will out- 
, last conventional light 
switches by many 
years. Its micro- 
computer cir- 
cuitry is so 


reliable there's a one enr total replace- 
ment warranty: should anything go 
wrong, the manufacturer will send you 
a new one, free of charge. After a year, 

rompt service is available by mail— 
Bur its it's unlikely you'll ever need it. 

AudioLite replaces your present 
light switch in minutes. All you need is 
a screwdriver. Works with any incan- 
descent bulb up to 300 watts. 

As soon as you try one, you'll want 
to replace all your conventional wall 
switches with AudioLite. That's wh 
there's a special price if you order bar 
at a tine—$99. (For one only, the price 
is $34.) 

However, you may order four on 
trial. If not perfectly satisfied after try- 
ing one, return them all within 30 days 
for a prompt, courteous refund. You're 
protected by The Sharper Image guar- 
antee of satisfaction. 

Call now toll-free, and protect your 
home with this newest brainchild 54 
remote control technology. Be among 
the first to own a light switch with ears, 
eyes and brains. 


ORDER TOLL FREE. 


Credit card holders use our toll-free 
numbers. Or send a check. Order 
product /SM653 for the package of 
Íour: $99 plus $4.50 delivery. Order 
#SM6S2 for one: $34 plus $2.50 
delivery. Add 6% sales tax in CA. 
And please mention this magazine. 


800 227-3436 
In California 800 622-0733 
In Alaska and Hawaii 800 227-3826 


THE SHARPER IMAGE 


755 Davis Street Dept. 8101 
" CA 94111 


knew 


ive products, send a dollar with your address. 


DETROIT REPORT 


By JIM DUNNE 


The missing J-cars 


Buick and Oldsmobile will get their own 
versions of the General Motors J-car in a 
couple of months, when the Buick Sky- 
hawk (top photo) and Oldsmobile Firenza 
(lower photo) go into production. The cars 
will be offered in the same four body 
styles as the Chevrolet Cavalier and Pon- 
tiac J2000 (Cadillac's Cimarron is a four- 
door sedan only). Their appearance will 
markthe first time that all five GM car divi- 
sions have shared a common body. 
Styling differences will be minimal, 
almost wholly restricted to the front end 
and taillights. Firenza will have the char- 
acteristic Oldsmobile split air intakes, but 
below the bumper. At the rear, taillights 
will be more vertical than any other J-car, 
in keeping with another Olds theme. Sky- 
hawk will look much like the Firenza from 
the front, but with a full-width air-intake 
slot below the bumper. Headlight shrouds 
will be raked back as on the bigger Buicks. 
At the rear, a horizontal, fender-to-fender 
strip of taillights will be broken in the cen- 
ter by the license plate, setting Skyhawk 


12 | POPULAR SCIENCE 


slightly apart from the Pontiac J2000. 

Inside, both cars will use the same 
instrument panel as current J-cars, and 
seats and other soft trim items will differ 
only in color. Engine lineups and trans- 
mission choices also will be identical: 1.8- 
or two-liter four-cylinder engines, with 
either four-speed manual or three-speed 
automatic transmissions. 


GM drops big cars 


A mammoth GM project to develop a 
front-wheel-drive replacement for Cadil- 
lac de Villes, Oldsmobile 98's, and Buick 
Electras was suddenly killed after three 
years of development and millions of dol- 
lars of investment. The corporation now 
plans to go one step further in building 
smaller big cars, by using the X-car chas- 
sis (Citation/Phoenix/Omega/Skylark) as 
the base for its full-size 1984 cars. The can- 
celed project called for a car slightly larger 
than the X-bodies, equipped with inde- 
pendent rear suspension and air springs 
insome versions. But GM saw that it could 
gain two steps and save development 


money with a switch directly to an X-car 
derivative. With some rearranging of inte- 
riors (and a new rear suspension), the big 
Cadillacs, Oldsmobiles, and Buicks of the 
future will be about the same size and 
basic construction as the current X-body 
lineup, but will have the advantage of six- 
passenger space. Four-cylinder engines 
are definitely in the plans, along with gas- 
oline and diesel V6's. 


Chevrolet's mini-Blazer 


A small version of the Chevrolet Blazer 
four-wheel-drive utility vehicle is already 
being tested. It's to be built on the new 
S10 mini-pickup chassis, and is expected 
to make its debut next fall as a 1983 mod- 
el. Styling and cab appointments are iden- 
tical to those in the S10 pickup, and the 
body shape is similar to that of current 
Blazers. Chevy expects that improved fuel 
economy (20+ mpg) from the four-cylin- 
der engine and lighter vehicle weight will 
make the mini-Blazer a hit. 


Color-coding helps 


Lincoln-Mercury has color-coded the vac- 
uum hoses under the hood ofthe new Lin- 
coln Continental so repairmen will have 
an easier time telling which hose does 
what job. Actually, the hoses are all the 
same color, but their connectors are col- 
ored white, green, or red, depending on 
whether they're hooked to the EGR valve, 
coolant-temperature switch, or distribu- 
tor. “Our dealers love it," a Lincoln engi- 
neer reports. "It helps mechanics spot 
work areas quickly.” 


P-car face lift 


Two years before it’s scheduled for intro- 
duction, the sporty Pontiac P-car (tenta- 
tively named Sunfire) has undergone a 
minor face lift. The mid-engine two-seater 
now has revised taillights and a new front 
bumper that gives it a smoother overall 
look. The taillights, which look as if 
they've been taken directly from the 
J2000, run high across the full width of the 
rear deck. The front bumper is more 
rounded, and blends in with the hood 
more smoothly. While the P-car program 
has had a series of stops and starts in its 
two-year development, the Sunfire is now 
set for introduction in mid-1983. 


TBI: not good enough 


Despite the big swing to throttle-body fuel 
injection (TBI) on newer models, Chevro- 
let engineers say it isn't as good as man- 
ifold systems such as the ones Volkswag- 
en has been using for years. The engi- 
neers predict that it probably will be 
replaced in future high-performance cars. 
TBI is better than a carburetor because 
mixtures can be controlled more accurate- 
ly and changed more quickly, but GM is 
convinced that the more expensive port- 
type injection systems are better. They 
spray gasoline almost directly into the 
combustion chamber instead of into the 
remote throttle (mixing) body. They're 
also more precise in metering fuel equal- 
ly, and give quicker engine response. Hi] 
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Lifting 


tap power 


foils 


in a California 
inigation canal 


By PAUL BOLON 
DRAWING BY RAY PIOCH 


In April each year the sluice gates of 
irrigation canals throughout Califor- 
nia’s Central Valley are raised to flood 
the fields for rice planting. This year 
the waters have another task: gener- 
ating electricity before reaching the 


respects, is the first of its kind in the 
country. 

The power project, located on the 
Richvale Canal about 125 miles north 
of San Francisco, marks the first com- 
mercial application of an unusual gen- 
erating machine, the Schneider hy- 
drodynamic generator [PS, Feb. '78]. 
Ata small check dam on the canal the 


kilowatts, drawing water with a head 
of only 92 feet. The unique lifting-foil 
principle (drawing below) is the only 
design that can effectively use such 
low head pressures—regular turbines 
would be impractical at these 
pressures. 

The Richvale power plant is also the 
first arrangement in which a small- 
scale hydroelectric producer is selling 
power to a major utility. The Schneid- 
er Corporation will earn an estimated 
$16,000 in five months (that’s the 
length of the irrigation season) by pro- 
ducing 270,000 kilowatt-hours of en- 
ergy and selling it to Pacific Gas and 
Electric Company. The utility is pay- 
ing an average of six cents per kilo- 
watt-hour. 

In principle the Schneider genera- 
tor can work from a head of just two or 
three feet, although the efficiency is 
increased substantially with higher 
pressures. Schneider Corporation 
(5310 D Power Inn Rd., Sacramento, 
Calif. 95820) estimates that there is a 
low-head resource of 300 million kilo- 
watts on U.S. rivers, streams, and, 


paddies. It’s an event that, in several 


- 


generator is producing a steady 75 


perhaps, tidal currents. uu 


Water flowing over the curved foils of the Schneider hydro unit 
(inset above) creates a lifting force—just like air moving over an 
airplane wing. The foils are fixed between two belts that turn on 
hubs. When a foil “turns over” to the downstream side, the lifting 
force still points in the direction of rotation, adding to the torque. 
The output shaft is hitched to a variable-speed transmission that 
drives a 480-V generator. The Richvale hydro unit has 30 three- 
foot-long metal foils, which produce an output shaft speed of 
about 180 rpm. The rendering above illustrates the power plant 
at Richvale; the photo at left shows the project nearly completed. 
Capital costs for later applications of this type are estimated to be 
$700 to $800 per kW of rated capacity; actual production cost of 
energy is estimated at less than 3¢ per kW-hr. A similar plant 
(generating 200 kW) is scheduled to open on the Turlock irriga- 
tion canal (Calif.) this year—in April, when the rice is thirsty. 
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THIS TREASURE DOESN'T 
COST A FORTUNE. 
Emperor Clock Company's enormous pur- 
chasing power, high sales volume and operating 
efficiency in our own woodworking factory com- 
bine to bring you the highest quality product atthe 
lowest possible prices. Our limited-time factory 
direct sale brings you even lower prices on this 
heirloom-quality grandfather clock your family 
will treasure for generations. Buy now and save! 
THE PLEASURE OF OUR 
DO-IT-YOURSELF KIT 

Emperor's do-it-yourself kit makes woodworking 
a real pleasure, even if you don't know a rabbet 
from a dovetail! Kit pieces are pre-cut from kiln- 
dried, solid 3/4" cherry and sanded smooth on 
both sides. Miters, mortises and tenons are also 


MODEL 120-K DO-IT-YOURSELF CASE KIT 


SOLID 3/4” CHERRY 


50 


COMPARE YOUR FINISHED CLOCK TO THOSE 
RETAILING AT $850 AND MORE. 


FACTORY DIRECT 
SALE PRICE 


Regular factory direct price $199.50 
MOVEMENT EXTRA 


SOLID BRASS, SELF-ADJUSTING 
EMPEROR MOVEMENTS AND DIALS 
One Week * Weight Driven + Westminster Chimes 
Emperors Model 101-M movement, with dial, is 
made of solid brass by a well-known West German 
family firm. Choose from either Tempus Fugit 
(Time Flies) or Moving Moon with lunar calendar. 
Both movements are self-adjusting to tick 
smoothly and accurately so you never have to 
level your clock. They sound the Westminster 
chimes each quarter-hour and count the hour 
with a Big Ben tone. Movements include weights, 
solid brass weight shells, brass finished bob, pen- 
dulum and chimes. All plates are solid brass with 
pinions of hardened steel. Installation and adjust- 
ment are simple, following step-by step instructions. 
MOVEMENTS CARRY A ONE YEAR WARRANTY 


DEL 
soli 3a Sicha 
74" x 16." x 


EMPEROR® 
CLOCK COMPANY 
WORLD'S LARGEST MANUFACTURER 

OF GRANDFATHER CLOCI 
oed Emperor Clock Company 
Al Bigs Reseres 


NO RISK! 
MONEY BACK GUARANTEE 
If for any reason you are not 
completely satisfied, return in 
original shipping carton within 
thirty days for prompt refund. 
No questions. No excuses, 


pre-cut. (If you prefer, your kit may be ordered 
unmitered for $10 less.) Divided swan neck and 
finial, waist and dial face doors, dial frame and 
sculptured basefront are pre-assembled. Com- 
plete instructions, all screws and hardware in- 
cluded. Glass is not included due to possible 
breakage in shipment. Each piece may be re- 
ordered separately. No woodworking experience 
is necessary. 
*SUBTRACT $10.00 FOR UNMITERED KIT 
ORDER NOW! SALE ENDS MARCH 15, 1982 [ES EEEEEENI 
ORDER DIRECT WITH THIS FORM $ ORDERS SHIPPED 2 TO 3 WEEKS * SHIPPING CHARGES COLLECT 
EMPEROR CLOCK COMPANY, Dept. 55-G Please Check: New Customer C 
Emperor Industrial Park, Fairhope, Alabama 36532 Previous Customer C 
CREDIT CARD TELEPHONE ORDERS WELCOME CALL 205/928-2316 


aJ 
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REG 
| QTY. | DESCRIPTION WT.| PRICE | SALE | EXT. 
Model 120-K Solid 3/4" Cherry Do-It-Yourself Case Kit 
(Movement Priced Separately Below) 50 | $199.50] $119.50 
Model 120-A Solid 3/4" Cherry Completely Finished Clock with, 
Self-Adjusting Movement, Tempus Fugit Dial, Westminster Chimes | 97 | $684.50 
Model 120-A Solid 3/4" Cherry Completely Finished Clock with 
Self-Adjusting Movement, Moving Moon Dial, Westminster Chimes | 96 | $699.50 
Model 101-M Movement Complete with Tempus Fugit Dial, 
Westminster Chimes for Model 120-K 33 | $144.50. 
Model 101-M Movement Complete with Moving Moon Dial, 
Westminster Chimes for Model 120-K 33 | $159.50 
Lyre Pendulum for Both Model 101-M Movements 5 | $ 25.00 
e E: personal checks. Please check TOTAL $. 


Alabama residents only, 
add 4% sales tax $. 


GRAND TOTAL $. 


D Send Kit Unmitered. 


Enclosed $_______(_) Check ( Subtract $10 


Charge to my ( ) MasterCard ( 
ACCOUNT NUMBER 


) Money Order 
) Visa 


NEN ERE RR. 30 006 Factory SHOWROOMS MON-FRI.. 8 AM. TO 5 P.M., EMPEROR INDUSTRIAL PARK. FAIRHOPE, AL 


EI LI 
MasterCard Expiration date [Mo NAME 
Eum E 


ur name) STREET 


= city 


STATE 
PLEASE SEND FREE COLOR BROCHURE O 


ZIP. 


TELEPHONE NUMBER 
(PLEASE PRINT) 


ee 


LOOK AND LISTEN 


By WILLIAM J. HAWKINS 


Now it's component TV 


Audiophiles are easy to spot. Just tape a 
penny to the top of a tone arm for addi- 
tional weight and they'll be the ones to go 
into convulsive shock. But they're not 
alone. Now there are videophiles and 
they're the newest generation of Ameri- 
can “home technologists.” To them, snow 
is a four-letter word never to be spoken— 
or seen. 

As audiophiles surround themselves 
only with separate components for su- 
perb sound, so will the videophile for per- 
fect pictures. And as fast as you can say “I 
Love Lucy," this year | predict we'll be 
bombarded with separate video packages 
designed specifically to prevent TV trau- 
ma. 

The proof: Above is a tuner-timer and 
below it is a color monitor. Made by NEC, 
they're not the only components now 
available, but they are the newest. (Sony 
has them and Pioneer will offer them 
soon, for instance.) 

The tuner is completely programmable. 
It allows automatic preset of 12 UHF or 
VHF channels—selectable at the front pan- 
el or by remote control. Volume and pow- 
er are also controlled locally at the unit or 
onthe remote, and a timer feature lets you 
program the unit for automatic operation 
for unattended video recording. 

Three other buttons make it a familiar 
system component: TV, LINE 1, and LINE 2 
These are input buttons. Just as input but- 
tons on your hi-fi receiver select tuner, 
turntable, or tape deck, these allow you to 
Switch from the internal TV tuner for 
broadcast TV, to external input sources 
such as tape or videodisc. It means your 
system can be easily expanded by simply 
plugging in a new piece and pushing a 
button—far better than the maze of wires 
and switch boxes you're usually up 
against when adding external gear to a 
conventional TV. n 

Also, since you're switching separate 
audio and video lines—and not an RF line 
to the antenna connection of external 
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gear—you gain better signal quality and 
more flexibility. The audio line can go to 
your hi-fi system for better sound (thetun- 
er is designed to fit in a hi-fi rack if you 
own one). And the video line goes directly 
into the video input of your tape deck, pro- 
jection TV, or, as in this case, a video mon- 
itor. 

The 19-inch NEC monitor is studio-qual- 
ity: comb filter, DC restoration, 90-degree 
black stripe in-line tube, and multiple line 
in and out jacks for further expansion. 
With a monitor such as this, your money 
goes for picture quality—not for simulated 
wood or remote control. 

Okay, let the audiophiles have their 
four-channel synthesized Bach with holo- 
graphic image enhancement. We video- 
philes have MGM, Paramount, Warner 
Brothers, Universal, ABC, NBC, CBS, and 
... “Mork and Mindy"? Well, come to 
think about it, maybe there is still room for 
improvement before we leap into the Vid- 
eo Age. 


Quick looks 


@ Push the RECORD button on your vid- 
eotape machine and you could go to jail. A 
federal appellate court in San Francisco 
has reversed a 1979 ruling, making it ille- 
gal to videotape copyrighted material—all 
TV shows and movies—even for home 
use. The decision is certain to be appealed 


through the Supreme Court, but l'Il give 
you my guess as to the results now: The 
Supreme Court will uphold the decision, 
and video-recorder makers will have to 
pay a percentage of money on every sale 
to a pool of producers of copyrighted 
material. Who will pay for the extra cost of 
the machines? Take one guess... 

€ AT&T and CBS will join forces during 
a Videotext test. AT&T will supply the 
hardware—lines and CRT terminals—while 
CBS will provide the information from its 
magazines and TV network. At present, 
telephone directory information (Yellow 
Pages) will not be on the system. This is a 
rather delicate point since newspaper 
publishers are claiming that, if done, it will 
hurt their classified ads. 

@ The items you see as you're checking 
out of the supermarket are specially 
selected to appeal to everybody—your 
eyes catch a glimpse of everything from 
razor blades to stories on how "I Beat Up a 
Martian" in tabloids. And soon you'll be 
able to sort through videodiscs: Hum- 
phrie Video is working with RCA to rent 
players and discs at food stores. Ripe 
ideas like that could make the videodisc a 
fruitful venture. 

€ Yet another video camera/tape com- 
bo, this one from Sanyo. It weighs six 
pounds, measures three-by-seven-by- 
nine inches. It uses a Ya-inch-tape cassette 
as do its rivals, Sony, Hitachi, and Matsu- 
shita. None of the systems are compati- 
ble, however. 

9 According to a survey done by War- 
ner Home Video, for every sale of a video 
cassette during 1980 there were at least 12 
rentals. So it's no surprise the company is 
starting a "rent-only" campaign and is 
urging other film distributors to do the 
same. 

9 And finally, for those of you who just 
have to have the best: Nakamichi has a 
new "Limited" edition of the 1000ZXL 
computerized cassette. Without going 
into specs, | can tell you what makes it so 
limited: It's $6,000—and that, seriously, 
doesn't include remote control. 


Computer notes 


€ Lifeboat Associates, one of the larg- 
est personal-computer software distribu- 
tors, will be offering programs written to 
run under IBM DOS, the operating system 
for the IBM desk-top computer. Lifeboat 
will not be selling software that uses 
CP/M-86, Digital Research's operating 
system for the IBM. It will also be selling 
its own operating system, SB-86, which is 
virtually the same as the IBM DOS (both 
written by Microsoft). 

9 Pop a circuit board in a Radio Shack 
TRS-80 Model Il computer and it can be 
used on Datapoint's ARCNET communi- 
cations system. That means that many 
TRS-80's or Datapoint computers can be 
used together in a relatively inexpensive 
office network for sending electronic mail 
or using common peripherals such as a 
printer or disc drive. 

9 Zenith is now offering a Z-90 comput- 
er, an update of its personal Z-89 model. It 
comes with 64K of RAM and a high-densi- 
ty 5%-inch disc drive for $3,195. Addition- 
al drives are also available. us 


Now NRI takes yo 


vinside the 


new TRS-80 Model Ill microcomputer 
totrain you at homeas the 


new breed 


NRI teams up with Radio Shack 
advanced technology to teach 
you how to use, program and 

service state-of-the-art 
microcomputers... 
It's no longer enough to be 
just a programmer or a technician. 
With microcomputers moving 
into the fabric of our lives (over 
250,000 of the TRS-80™ alone have 
been sold), interdisciplinary skills 
are demanded. And NRI can prepare 
you with the first course of its kind, 
covering the complete world of the 
microcomputer. 
Learn At Home 
in Your Spare Time 
With NRI training, the program- 
mer gains practical knowledge of hard- 
ware, enabling him to design simpler, 


Training includes new TRS-80 Model III micro- 
computer, 6-function LCD Beckman multimeter, 
and the NRI Discovery Lab with hundreds of 
tests and experiments. 


(TRS-80 is a trademark of the Radio Shack division of Tandy Corp.) 


more effective programs. And, with ad- 
vanced programming skills, the techni- 
cian can test and debug systems quickly 
and easily. 

Only NRI gives you both kinds of 
training with the convenience of home 
study. No classroom pressures, no night 
school, no gasoline wasted. You learn 
at your convenience, at your own pace. 
Yet you're always backed by the NRI 
staff and your instructor, answering 
questions, giving you guidance, and 
available for special help if you need it. 

You Get Your Own Computer 
to Learn On and Keep 

NRI training is hands-on train- 
ing, with practical experiments and 
demonstrations as the very foundation 
of your knowledge. You don’t just pro- 
gram your computer, you go inside 
it...watch how circuits interact... inter- 
face with other systems. ..gain a real 
insight into its nature. 

You also work with an advanced 
liquid crystal display hand-held multi- 
meter and the NRI Discovery Lab, per- 
forming over 60 separate experiments. 
You learn troubleshooting procedures 


omputer specialist! 


and gain greater understanding of the 
information. Both microcomputer and 
equipment come as part of your training 
for you to use and keep. 
Send for Free Catalog... 

No Salesman Will Call 

Get all the details on this exciting 
course in NRI's free, 100-page catalog. 
It shows all equipment, lesson outlines, 
and facts on other electronics courses 
such as Complete Communications with 
CB, TV/Audio and Video, Digital Elec- 
tronics, and more. Send today, no 
salesman will ever bother you. Keep up 
with the latest technology as you learn 
on the latest model of the world’s most 
popular computer. If card has been used, 
write to: 


NRI Schools 
y McGraw-Hill Continuing 
yr Education Center 
€. pel e 3939 Wisconsin Avenue 
| Hil [| Washington, D.C. 20016. 
We'll train you for the good jobs! 


ALTERNATE-ENERGY ANSWERS 


Jan F. Kreider is a consulting engineer specializing in the design and economic 


By JAN F. KREIDER 


analysis of solar-energy and energy-conservation systems. He is the author of 
several books on solar technology, and a lecturer at the University of Colorado. 


How to thermosiphon 


In Israel | saw a lot of what looked like 50- 
gallon oil drums on the roofs of buildings. 
| am sure they were solar water heaters. | 
assume they contain water, which, when 
heated by the sun, in turn heats water cir- 
culating in the drum. 

Harry Becker, Miami, Fla. 


I'm considering building a thermosiphon 
solar hot-water system and locating it on 
the ground below my hot-water tank. Do 
you have any recommendations? 

Peter Golway, Hedgesville, W. Va. 


Thermosiphon systems are very common 
in Israel, where they've been widely used 
for 30 years. The system (see diagram) 
consists of an insulated tank (1.5 gallons 
per square foot of collector), a collector 
(about one square foot for each gallon per 


WATER 


ROM MAIN 


HOT-WATER TANK 


INSULATED FLUID LINES, 234 IN. 


day of hot-water usage), and piping (one 
size larger than normal). 

Things not to do: Don't use any more 
pipe fittings than absolutely necessary. 
Don't use a check valve. Don't use a waf- 
fle-plate or Rollbond type of collector 
absorber. 

Things to do: All piping must slope con- 
tinuously—up from the collector top (inlet) 
and down from the tank outlet. Locate the 
bottom (outlet) fitting of the tank at least 
one foot above the top of the collector. 
Use an absorber plate with tubing con- 
duits of at least */ inch inside diameter. 
Tilt the collector at an angle equal to your 
latitude. 


Air-collector tips 


| plan to construct my own solar collector 
using black-painted corrugated steel as 
the absorber. Is there any problem with 
painting over galvanized tin? Would her- 
metically sealed double glazing be dam- 
aged by the high temperatures? 

Ron Perrier, Winnipeg, Manitoba 


Galvanized metal must first be painted 
with an etching primer if you want the 
black paint to adhere. Automotive flat- 
black exhaust-manifold paint should work 
well on your corrugated absorber. Ideally, 
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air should flow behind the absorber in a 
duct. But the duct is difficult to make. 
You'll lose a bit more heat by using the 
glass-to-absorber gap as a flow conduit, 
but that simplifies fabrication. A typical 
problem in air collectors is air leakage. 
Careful attention to this and the use of 
high-temperature silicone sealant will 
prevent future problems. 


Waste heat: three schemes 


| wonder if a finned pipe connected to a 
clothes-dryer outlet with the present flex- 
ible pipe clamped to the house vent would 
collect and release sufficient heat to be 
worth the effort. This would avoid the 
fiber and back-pressure problems you 
described in your answer about direct 
venting [PS, May '80]. The People's Solar 
Sourcebook lists aluminum slip-on heat 
fins to fit any pipe from three- to 14-inch 
diameter. 

Joseph T. Gabus, Downsville, N.Y. 


The rate of heat removal from the fins 
depends on the free convection rate from 
the fins to room air. This heat-flow mech- 
anism is fairly slow, so your idea of fins is 
a good one. Rather than trying to calculate 
the performance, why not buy a few feet 
of metal pipe, slip on some of the fins, and 
check the heat lost from the dryer's air 
with a thermometer at the inlet and outlet 
of your test section? From the test you can 
project how large the full system should 
be. Use thermally conducting epoxy if a 
press fit is not possible. 


| just reread Evan Powell's article "Heat- 
Pump Water Heater" [PS, April '80] with 
great interest and speculation. | have a 
four-ton A/C compressor. Can | gain by 
using waste heat to heat water and also 
make the air conditioner more efficient? 

Gary R. Knight, Tampa, Fla. 


Your idea is a good one for existing sys- 
tems and, in fact, has been used on large 
buildings in parts of the world where cool- 
ing is required year-round. Although 
refrigerant-system design is too compli- 
cated for this column space, keep the fol- 
lowing in mind: This system can only be 
used with a reciprocating compressor. 
Also, your modifications should add only 
the smallest possible new pressure drop 
to the refrigerant system. 


We are planning to build a glass-blowing 
studio. The furnace will produce waste 
heat of over 200 degrees F. How can we 
get information and procedures for using 
this heat for cooling? 

H. Curtis Hester, Upper Montclair, N.J. 


Contact either Arkla Corp. (Box 534, 
Evansville, Ind. 47704) or American Yazaki 


Corp. (13500 Ashurst Ct, Livonia, Mich. 
48150) for suggestions regarding the use 
of small absorption units with your waste 
heat. 


Sizing a wood burner 


Is there a formula that can be used to 

determine the size of a wood-burning 

stove or fireplace, depending on room 
size? 

Jim Prineas 

Cronulla, N.S.W., Australia 


If certain typical assumptions are made, 
the firebox volume V (in cubic inches) for 
a typical wood stove is V = 0.172 x L in 
which L is the space-heating load in Btul 
hr. This formula assumes a firing interval 
of eight hours. A rough estimate of heat 
load (for homes with average insulation 
and infiltration rates) is 25-35 Btu per 
hour per square foot of floor area. 


One-way surfaces 


Are you aware of any suppliers of Mylar 
for use on parabolic solar collectors? 
Steven Brubaker, Olar, S.C. 


Among others, the following firms market 
reflective surfaces: Berry Solar Products 
(Box 327, Edison, N.J. 08817), National 
Products (900 Baxter St., Louisville, Ky. 
40204), Solar Usage Now (Box 306, Bas- 
com, Ohio 44809), and 3M Company (223- 
15 3M Center, St. Paul, Minn. 55101). 


A reader reports 


In response to the item about overnight 
shut-off of hot-water heaters [PS, July 
'81], Myron Bird of Elizabethtown, Pa., 
contributes this information: "When re- 
placing my leaking heater, | decided to try 
the idea of using two smaller water heat- 
ers instead of one large one. Both units 
(56 gallons and 10 gallons) are shut 
off at night, but the small heater 
gives almost instant hot water in 
the morning. The cost of the heaters 
andtime clocks was about $150 more than 
the cost of an identical heater to the one | 
was replacing. Our consumption is aver- 
aging 17 kWh per day less than in the 
same period in the previous year, accord- 
ing to our electric bill. That adds up to over 
6,200 kWh for an entire year. At 4.6 cents 
per kWh, my annual saving will be about 
$285." 


Got a question on an alternate energy 
such as solar, wind, water, or wood? Won- 
dering about energy-conservation tech- 
niques for home heating or cooling? 
Every other month, alternating with "Ad- 
ventures in Alternate Energy," Jan Kreid- 
er answers selected questions from read- 
ers. Send yours to "Energy Questions,” 
Poputar Science, 380 Madison Ave., New 
York, N.Y. 10017. Individual queries can't 
be answered by mail. 

In the "Alternate Energy Adventure" we 
present a project developed or reported 
on by PS readers, and pay $200. Submit 
black-and-white glossies and a sketch to 
"Energy Adventure" at the address 
above. 


Renault 9 


American Motors’ 
subcompact for '83 


Computers and millions of 
research hours combine to 
produce this low-drag car 


By JAN P. NORBYE 


About a year from now, a Renault- 
designed subcompact car will start 
rolling off American Motors’ assembly 
line in Kenosha, Wis. It will be sold in 
North America as an '83 model, but 
the European version—the Renault 
9—is already being built in France, 
and I've had a chance to test one. 

Aerodynamically, the R9 is far bet- 
ter than a boxy little sedan has any 
right to be, with a drag coefficient— 
Ca—of 0.385. (For more on car aerody- 
namics, see PS, Sept. '81.) Since the 
R9 was designed to be produced for 12 
to 15 years, it has pleasant, neutral 
styling. The remarkably low C4 has 
been achieved through a gently ta- 
pered body shape, acute windshield 
rake, smooth-faced front end, and a 
host of details worked out in the same 
wind tunnel where the supersonic 
Concorde was developed. 

Computers helped in both the aero- 
dynamic refinement and structural 
design of the car. The lightweight 
(1,775 Ibs.) R9's unit-body shell was 
developed using finite-element analy- 
sis, which enabled the engineers to 
remove steel wherever the extra 
strength would have been wasted. The 
lightweight, sound-deadening insula- 
tion was located in coordination with 
the structural work, and I found that 
the car is remarkably quiet. 

Two engines are available in Eu- 
rope: a 1.1-liter (67.5 cu. in.) four anda 
1.4-liter (85.2 cu. in.) version. Four- 
and five-speed transmissions are 
available, but Renault will introduce 
an electronically controlled three- 
speed automatic in the spring. (Watch 
for a report in a future issue.) 

At the moment there is only a four- 
door sedan, but you can expect hatch- 
back coupes and station wagons for 
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Inner workings of Renault 9 can be seen in 
the cutaway above. Rounded, body-hug- 
ging contours of front seats (right) typify 
Renault's emphasis on comfort. 


both sides of the Atlantic. While the 
AMC cars will share most components 
with the Europeans, they will be 
Americanized in interior styling, 
grilles, and options. 

Fuel economy is an R9 strong point. 
The 47.5-hp base model is rated at 
43.5 mpg at a steady 56 mph, 31.8 mpg 
at 74.5 mph, and 33.1 mpg in the 
European urban-driving cycle. The 
72-hp five-speed version is even stin- 
gier at high speeds (32.6 mpg at 74.5 
mph), but is thirstier in town (26.7 


mpg). 

Like all modern Renaults, the R9 
has front-wheel drive; but, in contrast 
to the R5 (Le Car), its engine is 
mounted transversely, as in the 
Volkswagen Rabbit, Dodge Omni/ 
Plymouth Horizon, and Ford Escort/ 
Mercury Lynx. 

Inexpensive maintenance was a 
high Renault priority. For 20,000- 
mile spark-plug life, the R9 has elec- 
tronic ignition—which even includes a 
diagnostic function. The front disc- 
brake pads (rear brakes are drum 
types) can be changed without remov- 
ingthe calipers, and the shock absorb- 
ersin the front MacPherson struts can 
be changed without disturbing wheel 
alignment. 

Reliability was another high priori- 
ty. More than 500 people worked for 


four years to bring the R9 from project 
to production. They built more than 
100 prototypes, ran endurance cars 
more than 1.36 million test miles, and 
bench-tested the engines for more 
than 13,000 hours. In all, more than 
14.5 million development hours went 
into the R9 to ensure that it was ready 
for production. 

The AMC versions will benefit from 
all of this, of course. In addition, field 
experience from Europe is being gath- 
ered and analyzed before the U.S. ver- 
sions go into production in Wisconsin 
next year. The Volkswagen Rabbit 
was America's first truly modern 
small economy car, but the Renault- 
American Motors car might well sur- 
pass it and set new standards for the 
industry. us 


AX-1 
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NOW. . .CASIO'S ULTIMATE 


TIME MACHINE 


The farthest a watch has gone to monitor your day 


FOR THE PRICE OF A WATCH. . . 
OWN THIS DIGI-ANA GENIUS 

The craftsmen at CASIO have done it 
again. They've created a handsome, rugged 
digi-ana alarm chronograph for under $100.00. 

In fact, quite a ways under $100.00. 

And while they've created an affordable 
chronograph that makes the fanciest watches 
seem ordinary, they've done it without 
SOEUR quality. 

is beauty does more 
and does it better than any 
other watch available in stores 
or in the mail 
DIGITAL/ANALOG AND 
TWO TIME ZONES 

This multi-talented 
timepiece gives you the 
convenience of watch hands 
(analog) and the multi- 
function abilities of digital 
Unlike Seiko or Citizen, these 
watch hands are electronic 
— no moving parts — giving 
you minimal maintenance and 
greater accuracy. 

Is it Monday in New 
York? Or Tuesday in Hong 
Kong? You'll never have to 
ask that question again. This 
wonder alioa you to view 
two time zones at one glance. 
And you can set the digital 
cSplay for 12- or 24-hour 
time. The time to the second, 
the month, the date and 
the year are also clearly displayed. 

T MELODY ALARM SYSTEM 

This unusual electronic watch/stopwatch 
features three computer synthesized melodies 
to help you cope with your busy personal 
schedule. The unique daily alarm system alerts 
you precisely on the chosen minute with a 20 
second signal or your choice of melodies. 

For example, you can wake up to Dixie 
and keep an appointment with the help of 
Clementine or Greensleeves. If you wish, this 
miniature orchestra can measure every hour 
with a 2-tone chime. And it reminds you of 
lunch time the way Big Ben would — by playing 
Westminster Chimes at 12 noon. Each and 
every note is a true reconstruction of actual 
musical pitch with vibrato and can be silenced 
with a touch of a button. 


COUNT UP, COUNT DOWN, 
COUNT AROUND 

In addition to helping you organize your 
day, this gifted timepiece boasts some 
exceptional chronographic traits. 

You get one of the most complete 
stopwatch and countdown capabilities we've 
seen. The graphic chronograph and 
countdown timer functions alert you by sight 
and sound when the preset time is up. LCD 
hands indicate the minute and second by one 
sweep per second (counterclockwise for 
countdown time) 

The repeating countdown timer can be set 
in motion for any time between 1 second and 
1 hour. Ideal for tallying cooking time, fuel 
management, flight approaches, minutes on 

jour parking meter, or anything you like 

on reaching zero, the timer alerts you with a 
pleasant chime. Then repeats — automatically. 

A press of a button sets 
into motion a full function 
stopwatch, featuring up to 1 
hour of 1/100 second timing, 
laps, and 1-2 finishes. It even 
has a “beep” signal to confirm 
stops and starts. The perfect 
complement to the countdown 
timer. 

3 aitierent THIS MONTH'S 


ig Bene ode 9 CALENDAR AND NEXT 


Want to check a date on a 
ies ath wee, Calendar without fumbling for 


brought to life with a 


and you have next month's calendar. All in 
crystal LCD clarity. 

This calendar system never has to be 
programmed. It’s set until the year 2029. And 
the calendar display is in addition to the digital 
display of the day, date, and year which also 
automatically adjusts each month. 

SPACE AGE POLYSULFONE, CHROME 
OR PRECIOUS PALLADIUM 

This wizard is available in three good 
looking styles. The featherweight, high-impact 
black polysulfone AX-1 is available for 
$49.00. Model AX-210 in chrome and 
stainless steel back and band is only $59.00. 
And for $89.00 , you can own the luxurious 
AX-510 with precious palladium-plated case 
(platinum group) and band 

Each watch has guaranteed quartz crystal 


accuracy of + 15 seconds per month 
(although many CASIO owners experience 
+5 seconds per month accuracy). Each watch 
is water resistant and comes with a long-life 
lithium battery in pace (there's also a handy 
panel light for night viewing). 


OUR DOUBLE GUARANTEE 

First, the included CASIO factor: 
warranty: one year parts and labor tin the rare 
event repair is needed, you'll find this service- 
by-mail feature vey convenient). 

Secondly, you'll also have the opportunity 
to decide if this CASIO is right for you. If not 
delighted, return it within 30 days for a 
prompt and courteous refund (including 
delivery charge). You must be satisfied. 
SPEEDY DELIVERY 


We're proud of our prompt delivery. Being 
one of the largest CASIO timepiece dealers in 
the United States, we almost always have the 
watch you want in stock, and we generally 
ship the day we receive your order. 

We're as close as your phone. Orders are 
accepted 24 hours a day, 7 days a week. 

'der now and be delighted. 


eco M 


| CREDIT CARD HOLDERS 
| ORDER TOLL-FREE TODAY 


I To order your Model AX-1, AX-210 or AX-510 

watch, call the toll-free number below, or send a 
check or money order for the total amount plus 
$2.50 for the first watch, $1.00 for each 

[| sdditionel watcli to cover dipping and insurance 

l costs. Watch generally shipped upon receipt of 
order. If ordering by telephone, please have all 

| the necessary information ready. If you wish, we 
will send your watch to you via U.P.S. BLUE 

| LABEL 48-hour delivery for an additional $2.00. 
Minnesota residents add 5% tax. 


1800-346-3354 


I In Minnesota or it no answer, 
| call 800-835-2246 


| Ou lee Run 


Department PS1 
400 Center Ave., Moorhead, MN 56560 
Telephone (218) 233-2500 
© 1981 On the Run 


PScar test & driving report 
m 
mS Cimarron 
test report in a nutshell 
The ratings are based on test results VS Eu rope 
and measurements. Results should be n 


fad with the understanding that they M 
i l 3 
wwe me e's some, ev | Can a Cadillac challenge 
good, 4; good, 3; fair, 2; poor, 1; very a 

, 0. 
p BMW, Audi, and Saab? 


g 
š E 
xf €. a° 
28 88 35 38 
Acceleration 5 5 3 5 
Brekin 2 2 By JIM DUNNE and ED JACOBS To find out, we picked a broad cross- 
g 3 3 y D 4 
Handling 4 4 4 4 PHOTOS BY JOHN KEATING section of European grand-touring 
Maneuverability 5 5 5 5 cars, starting with the BMW 320i. We 
Quietness 1 2. 2 2 Cadillac has compared its new Cimar- Continued 
Roominess & 8 3.2 ron four-seat compact to some of 
Vision 5 5 5 5 Europe’s finest grand-touring cars. 
Baty EROR i A 3 s But can the little Cadillac really com- 
Ride comfort* 3 8 3 3 pete with first-line GT's, or is it just a 


spruced-up version of the General 
Motors J-car? 


*Authors' opinion 


^*Cadillac's plush new 

E Cimarron (foreground), 

cce Saab 900 Turbo (left), and 

“ql Audi Coupe (right) all have 

. modern front-engine, front- 

“drive power trains, yet the 
front-engine, rear-drive 

f BMW 320i is as roomy inside 
and equals their perform- 


ance on the track. 


ATWO SEAT 
SPORTS CAR 
WITHA 

7-FOOT TRUNK. 


THE 1982 SR5 SPORT TRUCK. Two- 
seat sports cars are fine...if all you travel with 
is driving gloves and sunglasses. 

But if you like to bring your toys when you 
go places, take this two-seat sports machine. 

Its 7-foot trunk holds a dirt bike, a snow- 
mobile...almost any payload up to 1100 pounds 

And inside, the Toyota SR5 Long Bed 
Sport Truck really is outfitted like a sports car. 
With bucket seats. Big, blacked-out gauges 
Even an AM/FM/MPX stereo radio. All standard 


Just don't look back! | 
== LINE NER M 


engine and the sports car feeling gets even 
better. You've got power-assisted disc brakes 
up front. A sporty 5-speed overdrive trans- 
mission. Or you can order Toyota's innovative 
4-speed automatic overdrive. 

And one more thing — mileage you | 
wouldn't expect from a sports car! The Toyota 
SR5 is rated at 34 EPA Estimated Highway 
MPG,24)EPA Estimated MPG. Remember: 
Compare this estimate to the EPA “Estimated 
MPG’ of other small trucks. You may get differ- 
ent mileage, depending on how fast you drive, 
weather conditions, and trip length. Actual 
highway mileage will probably be less than 
the EPA "Highway Estimate" 

The Toyota SR5 Sport Truck. It isn't hard 
to believe you really are in a sports car. 


PS car test & driving report 


added the Audi Coupe, a new and 
slightly huskier version of the Audi 
4000. Finally, for a look at the top per- 
formance level, we picked the Saab 
900 Turbo. 

All were equipped with five-speed 
manual transmission, except for Cim- 
arron’s four-speed. All were on origi- 
nal-equipment tires, except for the 
Audi, which had regular replacement 
tires. 

Because of component peculiarities 
and fuel-line routings on the Europe- 
an cars, we weren't able to perform 
our normal steady-state fuel-economy 


Audi Coupe sets up to cut back into the 
right lane just past the midpoint of the 
high-speed double lane change, a test of 
high-speed handling characteristics. 


testing on them. We're modifying our 
equipment so that the problem won't 
recur. 

Pricing is a sore point with more 
people today than ever before. Curren- 
cy fluctuations have been partially 
responsible for the imports' high 
prices, but there has long been a feel- 
ing that you pay a lot just for presti- 
gious names. 

Cimarron gives us an unusual op- 
portunity to see if you get what you 
pay for. The Cadillac J's two siblings 
on the market—Chevrolet Cavalier 
and Pontiac J2000—have base prices 


Cadillac Cimarron leans heavily into a 
right turn in the low-speed maneuverabil- 
ity test (slalom), in which it took a top rat- 
ing, along with the other cars. 


around the $7,000—$8,000 range, but 
Cimarron's base price is $12,131— 
albeit with many luxury and conve- 
nience items as standard equipment. 
While the car is plush, comfortable, 
and handles better than the other J- 
cars, can it really be worth $4,000 to 
$5,000 more? 

The common comment about all of 
these cars is, unfortunately, a nega- 
tive one: They could all use better 
brakes. The best in the group only got 
a "good" rating. Stickier tires would 
have helped Cimarron, because the so- 

Continued 


15th anniversary of PS car tests & driving reports 


We began our car tests and driving 
reports in January 1967. Since then, PS 
experts have reported on 571 cars, 
pickups, 4WD's, and vans as they fol- 
lowed the changing auto industry. 

During those 15 years, the U.S. auto 
industry was rocked by major fuel 
Shortages, skyrocketing fuel costs, 
strict government safety and emis- 
stons regulations, and a massive inva- 
Sion of imported cars that captured up 
to 30 percent of the market. Domestic 
manufacturers were forced to com- 
pletely redesign their entire model 
ranges—a process still not completed— 
and the costs pushed two giants peril- 
ously close to bankruptcy. 

Great technological strides accom- 
panied the turmoil, however. Disc 
brakes are now commonplace, as is 
fuel injection. Radial tires are standard 
on all American cars,.and the change- 
over to front-wheel drive is booming. 
Four-cylinder engines and five-speed 
manual transmissions are every- 
where, as are weight-saving alloys. 

As rapidly as the industry changed, 
we moved with it. A state-of-the-art 
Lamar computerized test system (the 
type used by the major enthusiast pub- 
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lications) gathers acceleration and 
braking data. High-speed handling and 
low-speed maneuverability tests are 
monitored by Heuer electronic timing 
equipment from the Lake Placid Olym- 
pic Games; precision flow meters 
check steady-state fuel economy. 

PS pioneered the use of sound 
meters to check noise levels in and 
around test cars. Our braking, han- 
dling, and maneuverability tests, 
which are largely taken from the best 
procedures found in the industry, have 
been widely studied. In some cases, 
they’ve been adopted by others, in- 
cluding the federal government and 
the auto companies, 

To supplement our track-testing pro- 
gram we've added a series of long- 
range tests of significant new models. 
We subject them to diverse and pun- 
ishing tasks so we can tell you what the 
cars are like in the real world. 

Our tests cover the spectrum from 
economy cars to four-wheel-drive util- 
ity vehicles. Usually they are shoot- 
outs among directly competing cars, 
but sometimes they are broad cross 
sections of a whole class. 

Objectivity is important to us. Our 


ratings are based on measurements and 
carefully gathered data. Only ride com- 
fort and serviceability ratings are sub- 
jective; they can't be instrumented. 

Because we try to be objective, we 
are called upon by other sectors of the 
media. We have made network televi- 
sion appearances on "NBC Magazine" 
and the Canadian Broadcasting Com- 
pany's "Marketplace" series. 

Continuity is also important to us. 
Our ratings for vision, roominess, and 
ease of entry and exit are exclusive to 
PS, and are based on measurements 
made in the same way they were 15 
years ago. That means you can com- 
pare today's cars directly with yester- 
day's. Because we have always used 
Bridgehampton Race Circuit for our 
full track tests—and because its surface 
has remained essentially unchanged— 
you can also compare our dynamic test 
results with those of previous years. 

Who can predict what the next 15 
years will bring? Turbines? Electrics? 
Solar-powered cars? Whatever, we're 
looking forward to them as much as 
you are. You can be assured that we'll 
keep pace to keep you well in- 
formed.—J. D. & E. J. 


E Warning: The Surgeon General! Has Determined 
p That Cigarette Smoking Is Dangerous to Your Health. 


What makes this radar detector ~ 
so desirable that people 


used to wi 


Anyone who has used a conventional passive radar 
detector knows that they don't work over hills, around 
corners, or from behind. The ESCORT" radar warning 
receiver does. Its uncanny sensitivity enables it to pick 
up radar traps 3 to 5 times farther than common de- 
tectors, It detects the thinly scattered residue of a radar 
beam like the glow of headlights on a dark, foggy road. 
You don't need to be in the direct beam. Conventional 
detectors do. Plus, ESCORT's extraordinary range 
doesn't come at the expense of more false alarms. In 
fact, ESCORT has fewer types and sources of false 
alarms than do the lower technology units. Here's how 
we do it. 


The unfair advantage 

ESCORT's secret weapon is its superheterodyne 
receiving circuitry. The technique was discovered by 
Signal Corps Capt. Edwin H. Armstrong in the military's 
quest for more sensitive receiving equipment. ESCORT s 
Varactor-Tuned Gunn Oscillator singles out X and K 
band (10.525 and 24.150Hz) radar frequencies for close, 
careful, and timely examination. Only ESCORT uses this 
Costly, exacting component. But now the dilemma. 


The Lady or The Tiger 

At the instant of contact, how can you tell a faint 
glimmer from an intense radar beam? Is it a far away 
glint or a trigger type radar dead ahead? With ESCORT 
it's easy: smooth, accurate signal strength information. 
A soothing, variable speed beep reacts to radar like a 
Geiger counter, while an illuminated meter registers fine 
gradations. You'll know whether the radar is miles away 
or right next to you. In addition, the sound you'll hear is 
different for each radar band. K band doesn’t travel as 
far, so its sound is more urgent. ESCORT keeps you 
totally informed. 

The right stuff 

ESCORT looks and feels right. Its inconspicious size 
(1.5Hx5.25Wx5D), cigarlighterpowerconnectorandhook 
and loop or visor clip mounting make installation easy, 
flexible, and attractive. The aural alarm is volume ad- 
justable and the alert lamp is photoelectrically dimmed 
after dark to preserve your night vision. And, a unique 
city/highway switch adjusts X band sensitivity for 
fewer distractions from radar burglar alarms that share 
the police frequency while leaving K band at full strength. 


Made in Cincinnati 
Another nice thing about owning an ESCORT is that 
you deal directly with the factory. You get the advantage 


of speaking with the most knowledgable experts avail- 
able and saving us both money at the same time. Further, 
in the unlikely event that your ESCORT ever needs re- 
pair, our service professionals are at your personal 
disposal. Everything you need is only a phone call or 
parcel delivery away. 


Corroborating evidence 


CAR and DRIVER . . . "Ranked according to perfor- 
mance, the ESCORT is first choice . . . it looks like 
precision equipment, has a convenient visor mount, 
and has the most informative warning system of any 
unit on the market . . . the ESCORT boasts the most 
careful and clever planning, the most pleasing packag- 
ing, and the most solid construction of the lot" 

BMWCCA ROUNDEL . . . “The volume control has a 
‘silky’ feel to it; in fact, the entire unit does. If you want 
the best, this is it. There is nothing else like it" 

PLAYBOY . . . "ESCORT radar detectors (are) 
generally acknowledged to be the finest, most sensitive, 
most uncompromising effort at high technology in the 
field" 

PENTHOUSE . . . "ESCORT's performance stood out 
like an F-15 in a covey of Sabrajets”” 

AUTOWEEK . .. "The ESCORT detector by Cincinnati 
Microwave . . . is still the most sensitive, versatile 
detector of the lot” 

The acid test 

There's only one way to really find out what ESCORT 
is all about. We'll give you 30 days to test it for 
yourself. If you're not absolutely satisfied, we'll refund 


ngly wait months for it? 


your purchase as well as pay for your postage costs to. 
return it. In fact, try an ESCORT and any other detector 
of your choice. Test them both for 30 days and return 
the one you don't like. We're not worried because we 
know which one you'll keep. As further insurance for 
your investment, ESCORT comes with a full one year 
limited warranty on both parts and labor. This doesn't 
worry us either because ESCORT has a reputation for 
reliability, We know that once you try an ESCORT, 
radar will never be the same again. So go ahead and 
do it. Order today. 


You don't have to wait 
Just send the following to the address below: 
CJ Your name and complete street address. 
C How many ESCORTS you want. 
C Any special shipping instructions. 
CJ Your daytime telephone number. 
CA check or money order. 


[wr 
Visa and MasterCard buyers may substitute 
their credit card number and expiration date for 


the check. Or call us toll free and save the trip 
to the mail box. 


CALL TOLL FREE. . . . 800-543-1608 
IN OHIO CALL....... 800-582-2696 


ESCORT (Includes everything). . . . $245.00 
Ohio residents add $11.03 or $13.48 sales tax 
depending on 496 or 596 base rate at time of 
purchase. 
Extra speedy delivery 
If you order with a bank check, money order, 
Visa, or MasterCard, your order is processed for 
shipping immediately. Personal or company 
checks require an additional 18 days. 


ESCORT 


RADAR WARNING RECEIVER 


O CINCINNATI MICROWAVE 
Department 516 
255 Northland Boulevard _ 
Cincinnati, Ohio 45246 


Audi Coupe, BMW 320i, Cadillac Cimarron, and 
Saab 900 Turbo—dimensions, specs, and test results 


PS car test & driving repor 
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Audi Cadillac 
DIMENSIONS (inches) Coupe i ir 
Wheelbase............ 99.8 

Overall length - Ill] 177.0 

Overall height. ......... 53.1 

Overall width .......... 66.3 

Track, FR............ 55.1559 

Ground clearance . ... y 

Front head room . . 

Front hip room 


eei + 


Rear hip room . . - 
Rear leg room (min.) > 
= Rear knee room (min.) > 
Couple distance 


SPECIFICATIONS 

Engine type . 

Displacement (cu. in. i 

Compression ratio . 

Carburetion 

Net hp @ rpm ~ 

Net torque @ rpm... <. | 

Transmission ... -111 : -s nual 

Axle ratio. omuc .91: .65: .67: 

Tire make 5:111 ye: Pirelli 

Tire ype ..:::::::.:. SP'Sport D3, steel- Cinturato P3, steel-  Polysteel radial Cinturato P6, 
belted radial belted radial steel-belted radial 

Tire size ............. 185/60HR14 185/70SR13 P195/70R13 195/60R15 

Steering [............ Rack and pinion, Rack and pinion, Rack and pinion, ^ Rack and pinion, 


Overall steering ratio . ... 

Turns, lock to lock. 

Turn diameter (ft). . . .... 

Front suspension. ....... independent, Mac- independent, Mac- independent, Mac- — Independent, Mac- 
Pherson struis Pherson struts Pherson struts Pherson struts 

Rearsuspension........ Semi-independent, Independent, Mac-  Semi-independent, — Semi-independent, 
torsion-crank axle, Pherson struts trailing twist axle, trailing twist axle, 
coil springs coil springs coil springs 


Front stabilizer-bar 
diameter (in.) 0.82 0.53 0.86 None 
Rear stabilizer-bar 
diameter (in.) 0.71 None None None 
Trailer towing (max. Ibs.) .. Not recommended No recommendation 2,000 2,000 
Trailer tongue weight (max 


ILLUSTRATIONS BY RUSSELL VON SAUERS 


. A Not recommended No recommendation 200 200 
Fleet-footed four-seaters like these can | Brakes <.. ` | Discidrum, power Disc/drum, power Disc/drum, power  Discidrum, power 
make lightly traveled back roads a plea- | frake swe parca ain). À N j 


sure to drive. Their responsive engines Trunk space (cu. fi.) > - 

and grand-touring-type suspensions put | Ge ec; EU A 

heavy emphasis on handling. F/R weight distribution dl 

Basic price... .. $n A 
Price as tested . . ; , | $14,415 $13,870 $13,537 
Major options on test car 
(over $100) AC $620, Metallic paint $420, Power seats $183, — None 
mirrors $175, AM/ manual sunroof power locks $142, 
$555 power windows $216 


PS serviceability ratings 


How easy is it to service these cars? 
To give you an approximation of how 
difficult it is for a typical person to 
perform various service operations, 
we examine each test vehicle. The 
numbers mean: 1, very difficult; 2, 
difficult; 3, average degree of diffi 
culty; 4, easy; 5, very easy. 


& r4 
35383838 


TEST RESULTS 

Acceleration (sec.) 
16.1 11.0 
19.2 12.4 


Stopping distance (ft. ~ - 189 179 
fal pressure (ibs.). . 155 105 
Brake tent (hot) 60-0 mp 
Stopping distance (ft) - 182 158 
Pedal pressure (ibs.). . . 130 98 
Interior noise (9 60 mph 
(dBA). s 70 72 
Handling test (mph). . . - 6 z 63.0 64.7 
Maneuverability test (mph). — 27. x 27.6+ 27.6+ 


Checking fluid levels 


TEST CONDITIONS: Ambient temperature, 60°F; relative humidity, 85 percent; barometric pressure, 29.8 inches Hg 
"With rear seat folded 


Checking the engine 


Spark plugs 
Distributor 
tment le F d. n n 
Oi fter nn Performance comparison with selected models 
Oil fill 
fipiacing hoses Accelera- — Brakes Noise @ 
Leper ocer nisa Mpg (city tion 0-60 60-0mph Handling Maneuvera- 60 moh 
e e red stor lose driving)  mphísec) (hot) (ft.) — (mph) bility (mph) ) 
Changing bull 1978 BMW 320i 4 19 122 140 64.7 2764 
Headllghts 3 1 1980 Saab 900 Turbo 4 19 114 129 64.7 27.64 73 
Taillights 4 2 5 = 
Front runing lights 1 E 1981 Audi 4000 5+5 5 21 136. 196: 65.0 27.6+ 74 
Front Dar ing lights 3 3 1981 Audi 5000 Turbo 5 18 11.2 204 58.2 27.6+ 73 
Front dlveciones a 2 1981 Datsun 810 6 22 15.1" 197" 570 276* 72 
Rear running lights 4 2 1981 Dodge Charger 22 4 25 117 178* 650 27164 75 
Checking fuses 4 4 1981 Toyota Cressida 6 22 155* 222* 63.0 27.6+ 75 
re-tire accessibility 4 3 
anging belts 2 i 


1982 Pontiac J2000 4 25 18.9 193 62.2 27.6+ ZA 


"Sealed 


*Measured manually 


JANUARY 1982 
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so original-equipment tires also pe- 
nalized the car in high-speed han- 
dling. 

Let's take a closer look at our 
group. 
Audi Coupe 

Audi introduced the five-cylinder 
Coupe last spring as a variant of the 
well-established 4000. It's a lively 
package that is Audi's closest ap- 
proach yet to a sports car. 

Inside, the 2+2 seating arrange- 


ment has comfortable, highly con- 
toured seats set close to the floor. That 
solves head-clearance problems but 
does make getting in and out some- 
what less convenient. 

All of the Coupe's controls were 
light and sensitive, although the shift- 
er was a bit balky in reverse. The pow- 
er steering was easily the lightest in 
the group, but this is mainly because 
the other makers use less assist than 
Audi. In extreme turns, however, the 
Steering goes "over center" and pulls 
strongly toward full travel. It's both- 
ersome but fairly easily handled. 

Otherwise, the car has excellent 


FANTASTIC AUTO-POWER SCREWDRIVER DRIVES UP TO 
20 SCREWS PER MINUTE WITHOUT PRE-DRILLING! 


Why Put Your Faith in Weak, Nailed Joints When You Can 
Power-Screw Them With Ea: 


Now 
attac 


screws at a 
you select the 


CAL 


REQUIRED! Just s 
lips driv 


TOU! 


nd in Seconds! 
'omplete high technology powerful 
an invention that not only drives 


hm. 


pth and STOPS AUTOMATI: 
LY WHEN YOU REACH THE DEPTH 


head—pl 
depth (8 to 


ES HOURS OF WORK ON THE 
GHEST JOBS. Order your POWER 


DRIVE SCREWDRIVER today! ONLY $19.95 


plus $1,85 postage & handlin 


It you don't agree that i's th 


GUARANTEE 


Send orders to: CRAFTMASTER, INC., 
352 Evelyn Street, Paramus, N.J. 07652 


t, PS-15, 


For VISA and MASTER CARD orders, 
enclose your card number and expiration date. 


Finally, you 
can get a 
good selection 
of great-looking 
clothes that fit! 


Instead of getting sold 
short in stores that carry 
only a limited selection 
in your size, send for 
96 pages of smart- 
looking clothes 
guaranteed to fit! 


IT'S ALL 
HERE! 


* Brand-name shirts up to 
22" neck and 38" sleeve 
Slacks and jeans to 60" 


Pleasi 


Name 


FREE COLOR CATALOG 


Catalog to me at the address below 


My Telephone Number. 


What a 
guarantee! 


Your order 
from The 
KING-SIZE Co. 
is GUARANTEED 
both BEFORE 
and AFTER Wear- 
ing, Washing or 
Dry Cleaning. 
Unless you are fully 
satisfied. you ma 
send it back for a full 
refund or exchange. 


e send the latest KING-SIZE Co. full-color 


Ares Cose 


waist and 38" inseam 
Jackets and outerwear to 


Address. 


State. 


City. 


size 60 
Shoes, boots, work shoes, 
and sneakers to size 16EEE 


44inG Size: 


1152 


King-Size Bldg. Brockton, MA. 02402 


road manners and is about as much 
fun to drive as the other Europeans 
here. Its engine is quite responsive 
and makes you think that the car is 
quicker than it really is. 

Two nit-picking points: First, while 
the sun visors are neatly placed in 
molded recesses, they can't be grasped 
from the angle you normally use. Sec- 
ond, despite the car's fastback roof line 
and a commodious trunk, the trunk lid 
is somewhat narrow and awkward to 
work near. It’s also easy to bump your 
head on it. 


BMW 320i 


The 320i may be the elder states- 
man of the group, but even an ama- 
teur can be a passable sporty-car driv- 
er behind its wheel. The’ car is 
straightforward and uses proved de- 
signs. It is the lone front-engine/rear- 
drive car in the group, but in no way 
does it take a back seat to the "more 
modern" front-drive types. 

Our 320i was quick and had excel- 
lent road manners. The steering was a 
tad heavier than we expected but not 
at all objectionable. Thecar was fun to 
drive and the transmission was a 
delight to use. The heater controls, 
however, are among the most difficult 
to fathom without consulting the own- 
er's manual. 

The much-copied BMW body shape 
allows surprising room inside, both 
front and rear, and you sit upright in 
excellent seats. The BMW's trunk is 
outstanding, both for volume and 
shape. 


Cadillac Cimarron 


If you've never liked Cadillacs, Cim- 
arron may change your mind. While 
Cadillac was once synonymous with 
posh and ponderous, the Cimarron is 
trim and tidy. Yes, the Cadillac luxu- 
ry is still there, but in different and 
subtler ways. 

The car is certainly comfortable, 
with controls well placed and general- 

Continued 


EPA fuel mileage (mpg) 


i a 3 

33 Es SP #5 

i8 88 88 38 
Highway. 37 36 42 31 
City 24 25 26 19 
Calif. city 24 25 26 19 
PS fuel-mileage tests 
(steady-state mpg) 
35 mph a - 40.1 a 
55 mph = io 31.8 int 


*Unable to test; test equipment not compatible 


FROM THE STATE OF VERMONT. 


COMES i STATE OF THE ART 


The RESOLUTE, Vermont Castings’ smallest dual-fuel stove is ideally sized to insert into most fireplace openings. 


place on a smaller hearth, or install as a freestanding unit. 


Vermont Castings Defiant, Vigilant and Reso- 
lute are truly American Classics. From the 
original Defiant, our largest model, to the Vigilant 
and Resolute, every stove is built with the convic- 
tion that beauty and efficiency can be combined 
without compromise. Crafted by hand in solid 
cast iron, these superb airtight stoves offer you 
years of dependable, economical heat. The unique 
and graceful curve of the stove front, with its 
classically arched doors, is your symbol of origi- 
nal Vermont Castings design. 


Our unique wood-to-coal conversion unit. 
The Vermont Castings Vigilant and Resolute 

are designed to burn either wood or coal effi- 
dently. Our advanced thermal engineering and 
unique “stove within a stove"" design make it 
possible. 

There's no fear of making a costly mistake 
in your choice of fuels—now, or later. Our 
optional coal conversion unit gives you the flexi- 
bility of using either wood or coal, whichever 
provides the greatest economy and meets your 
personal needs. Best of all, you can add the con- 
version unit at any time. 

Each model offers features knowledgeable 
stove enthusiasts demand. Vermont Castings 
Stoves make use of sophisticated baffling sys- 
tems to provide extremely long flamepaths, min- 
imizing flue heat loss. 


The unique appearance of the Defiant and Vigilant * 
‘wood-burning stoves is a trademark of Vermont 
Castings, inc. 

Vermont Castings stoves now available in Canada. 
Pease inquire. 


Classic Beauty and 
Advanced Thermal 
Engineering Combined 
n Americas Finest 
Cast Iron Stoves 


REVERSIBLE 
‘TOP OR REAR 
EXIT FLUE 
COLLAR 


‘THERMOSTAT 
CONTROL 


PRE-HEATED 
PRIMARY AIR 
ENTRY PORTS 


The Wood-Burning RESOLUTE 


‘THERMOSTAT 
CONTROL 


REVERSIBLE 
TOP OR REAR 


SHAKER 
GRATE 


Automatic thermostat control allows you to 
pre-set your stove at the desired level of heat 
output to burn slowly and evenly for hours on 
a single smokeless load. 


The Coal-Burnin, 


RESOLUTE 
“Our stove within a stove” ™ 


Before you buy any stove, mail coupon today for our 
complete ENERGY-SAVER INFORMATION KIT. 


Compare...then decide. 


C1 YES. please send me. without obligation. your Information 
Kit including full-color literature and Operation Manual. 

J enclose $1 for first class postage and handling. 

1 heat my home by: O Oil D Gas O Electricity C Wood O Coal 
I currently own a stove: C Yes C] No 

Ihave a fireplace: O Yes C No 


Name 


Address. 


City/State. 


- ™ 
Vermont Castings 
® ® TM 


America's Finest Cast Iron Stoves 
VERMONT CASTINGS, INC., 6436 PRINCE ST., RANDOLPH, VT 05060 + TELEPHONE: (802) 728-3111 Ext. 6436 


Zip. 


l———— i d 


Li ee -=-= -=-= -- 


If you do not wish to cut page, send $1.00 with your name and address to Vermont Castings, Inc.. 6436 Prince St., Randolph, vr 05060. 
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ly easy to use, but the cockpit lacks the 
businesslike layout of the Europeans. 
It does, however, have more instru- 
mentation than the European cars—a 
big plus. 

Cimarron's only suspension pack- 
age provides the best ride and road 
manners of any J-car. It does seem a 
touch harsher and less controlled than 
the other cars in this test; but in 
everyday driving you'd probably nev- 
er notice. 

Engine smoothness and interior 


noise levels are on a par with or slight- 
ly better than the best in the class. 
Roominess is excellent up front and 
adequate-to-cozy in the rear. One 
thing the Europeans don't come close 
to, though, are the six-way power 
seats. 

Cimarron's Achilles heel is its per- 
formance. The car cries out for a five- 
speed transmission and more power. 
The four-speed is inadequate, as is the 
overworked 1.8-liter engine. A five- 
speed and a two-liter fuel-injection 
engine are coming; without them, 
Cimarron is badly outgunned in this 
league. 


GiveYour 
Working Hand 


help from tools that feel right, work right, 
save time. Tools that stay on the job year 
after year. Tools precision made of drop 
forged, fine polished, high grade steel. That 
give you quality in every detail (at no pre- 
mium in price). Tools by CHANNELLOCK 
Be sure THAT trade name is on the tools 
you buy. 


CHANNELLOCK,INC. + Meadville, Pennsylvania 16335 
Meet The Rest Of The Family. Send For Our Free Catalog. 
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On the other hand, the car was easy 
to drive and stable at high speeds. It 
was quiet, comfortable, and had good 
road manners. 


Saab 900 Turbo 


The Saab Turbo remains one of the 
most unusual cars in production 
today, but that doesn’t diminish its 
excellence. It’s just different. 

For one thing, the ignition switch is 
placed on the floor between the front 
seats, where it also locks the transmis- 
sion as an anti-theft measure. (To 
remove the key, you must shift into 
reverse.) For another, youcan sit more 
upright than in just about any other 
car and still have loads of head room. 
The seats are high, firm, and among 
the most comfortable anywhere, and 
there is surprising room all around 
you. 

If the instrument panel suggests a 
jet fighter’s cockpit, you shouldn’t be 
surprised: Saab also builds potent 
supersonic fighters. As in a fighter, 
the information you need is clearly 
and colorfully displayed. (Now, if the 
heater controls were only a little more 
self-explanatory . . . ) 

The turbocharger is the key to mak- 
ing the Saab’s two-liter engine come 
alive. The Turbo is quicker than the 
others here and is remarkably non- 
chalant about it. In fact, you should 
probably pay extra-close attention to 
the boost gauge to avoid using the tur- 
bo unnecessarily. It’s enjoyable to use 
the power, but the price is greatly 
reduced fuel economy every time you 
put your foot down hard. 

Practicality has always been impor- 
tant to Saab, so the Turbo’s big cargo 
capacity isn't surprising: There's 57 
cu. ft. of cargo space when the rear 
seat is folded forward. What is surpris- 
ing is how complicated the rear-seat 
fold-down procedure is. We found that 
it's easy to snag and twist your fingers 
painfully. That's out of character for 
Saab. 


Our picks: 

The simplicity and balance of the 
320i make it my favorite here, but the 
Cimarron, with a little more power, 
could change my mind.— J. D. 

I have three favorites. The Saab 900 
Turbo is comfortable and quick, han- 
dles and maneuvers well, has good 
brakes, and can even give reasonable 
economy. The BMW 320i is precise, 
polished, and pleasingly quick. It is 
also businesslike yet comfortable. The 
Audi Coupe is a delightful performer 
and could be the best Audi ever. The 
Cadillac Cimarron is a well equipped 
and plush family car, but it's not ready 
to challenge any of the others here—not 
yet, anyway.—E. J. 


— 
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$10.95 


1713 ALFA ROMEO 62.78 for all Guilia, GT & Spider models 
9641 ALFA ROMEO ALFETTA 73.79 covers all models 

8677 AMC GREMLIN, HORNET, PACER 71-79 for all models 
8190 AMC MATADOR, REBEL 67.74 covers all models 

0991 ARROW, PLYMOUTH 76-77 lor all models 

2497 ARROW PICK-UP for ail models inc D-50. 

9404 ASPEN, DODGE 76-79 covers all models 

7122 AUDI 100 70-77 for al models nc 100L 

9590 AUDI 4000 79.81 covers al models 

0664 AUDI 5000 77-79 

0726 AUDI FOX 73.79 covers al models 

(0916 AUSTIN AMERICA 68.71 covers all models inc 1100, 1300 
1203 AUSTIN HEALEY 100/6, 3000 56.68 for all models 
0379 BARRACUDA & ‘CUDA 65:72 al 6 & VB models 

8154 BLAZER, CHEVY 67-79 ali mls plus Suburban & GMC Jimmy 
1042 BMW 2602 59-77 inc 1500, 1600, 1602, 2000 except CS 
9813 BMW 320i 77-80 

9326 BMW 75.79 inc 528,530,630, 630CS..633CS) 733i models 
9760 BMW 2500, 2800, 3.0 all mals nc Bavaria & CS 

0504 BRONCO, FORD 66-77 all 2 & 4 whi drive models 
6308 BUICK 68.76 inc Electra, Le Sabre, Riviera, Wildcat 
0727 CADILLAC 68.74 all models expt El Dorado 

8678 CAMARO 67-80 covers al 6-cy! & VB models 

9557 CAPRI 70-76 for al 2000, 2600, 2800 mdis 

6021 CAPRI 79.80 covers all models nc Ghia 

0379 CHALLENGER 70.72 covers all 6 and VB mals 

8446 CHAMP.PLYMOUTH 77.81 covers all models imported 
8331 CHARGER 67-70 for all models nc 500 & R/T 

8212 CHARGER 71-75 covers ali models 

0383 CHEVELLE 64-79 inc Malibu, Monte Cario, £i Camino 
0838 CHEVETTE 76-80 covers all models 

1038 CHEVROLET 29:40 covers all 6-cyl models 

0888 CHEVROLET 49.54 reprint of factory shop manual 
0051 CHEVROLET 55 or 57 reprint factory manual give year 
8407 CHEVROLET 56 supplement to 55 manual 

1001 CHEVROLET 58.67 covers al 6-cyi & VB models 

0870 CHEVROLET 68.79 for Biscayne, Bel Ar, Impala, Caprice 
8187 CHEVY II 62-68 covers all 4, 6 & V8 models 

0779 CHEVY LUV 72-80 covers ali pick-up models 

8154 CHEVY PICK-UP 67-79 all 2 & 4whl dr mdis plus GMC 
1662 CHEVY VANS 67-80 for all models plus GMC models 
0020 CHRYSLER 72-79 factory manual... must give year 
9851 CAVALIER 82 aiso covers Cimarron & J2000 models 
9148 CITATION 80.81 also covers Phoenix, Skylark 
9588 CITROEN ID, DS 67.75 covers al 0$19, 20, 21 mdis 
8264 COLT, DODGE 71-79 covers all models 

8211 COMET 71-79 covers all models 

8212 CORONET, DODGE 71.75 covers ali models 

(0477 CORVAIR 60.69 covers all mode's manufactured 

0478 CORVETTE 57-65 covers all 283 & 327 models 

9481 CORVETTE 66-79 covers all 327, 350, 427, 454 models. 
1756 CRICKET, PLYMOUTH 70-73 also covers Hilman Avenger 
8188 DART & DEMON 68:76 covers al models, 

1164 DATSUN 2008X 77-79 covers all models 

9592 DATSUN 200SX 1980 

8065 DATSUN 1200 & B210 71-78 covers all models 

0783 DATSUN 210 79.80 covers all models imported 

8127 DATSUN 2402, 2607, 2802 70-78 covers all models 
9152 DATSUN 2802 79-80 covers al models inc 2802X 
1657 DATSUN 310 76-79 covers al models inc F-10. 

1551 DATSUN 510 68.73 covers all són & wagon mals 
1074 DATSUN 510 78.79 covers all models 

9583 DATSUN 610 68.77 covers all models 

0935 DATSUN 710 73-76 covers all models 

8271 DATSUN 810 77-80 covers all models imported 


GENERAL REPAIR MANUALS — 


9407 CHILTON AUTO REPAIR 74.81 for al American cars 
1264 CHILTON AUTO REPAIR 73-80 forall American cars 

7137 CHILTON AUTO REPAIR 64-71 for al American cars 

1763 CHILTON AUTO REPAIR 54.63 for al American cars 

7111 CHILTON TRUCK REPAIR 73.80 American & imported más 

8561 CHILTON TRUCK REPAIR MAN 61.71 

9700 CHILTON IMPORT CAR MANUAL 73-81 for ALL major makes $19.95 
0492 AUTO REPAIRS & PRICES fat rate times 74.79 US cars... $7. 
1146 PERFORMANCE WITH ECONOMY power am tuning & bulding $9.95 
7125 AUTO AIR CONDITIONING... service & repair ali 375: 
8726 TRANSISTOR IGNITION SYSTEMS covers tem all $8.95, 
1067 MORE MILES PER GALLON GUIDE How to do t good cheap $7.98 
1197 ALCOHOL DISTILLER'S MANUAL for gasoho! & spirts 

2110 WEEKEND MECHANIC'S HANDBOOK ea! aca or beginner 38.95 
9622 HOW TO TUNE YOUR CAR good forall cars 3595 
8030 POWER TUNING your car, truck van or RV E 
8859 GM DIAGNOSIS & REPAIR MANUAL 70:80 for all GM cars 

9671 BASIC CAR MAINTENANCE & REPAIR good one to start with 

1712 BASIC AUTO REPAIR MANUAL a must for any car 

1707 BASIC BODYWORK & PAINTING 

1711 BASIC CARBURETORS & FUEL SYSTEMS for al U.S. makes 

1706 BASIC CHASSIS, SUSPENSION, BRAKES .. tune & service 

0791 BASIC ENGINE HOTRODDING 

1708 BASIC IGNITION & ELECTRICAL SYSTEMS 

(0680 BASIC AUTO TROUBLESHOOTING for al cars 

8359 BRAKE SERVICE GUIDE for repairing all makes & types 

9410 TURBOCHARGERS most complete book on the subject 

3759 ELECTRONIC FUEL INJ MAN 70-77 for all imported cars 

3576 CARBURETOR BASICS troubleshoot/rebuld al US. makes 

9411 HOLLEY carbs, al 2 & & bbl, tune & rebuild 

3652 ROCHESTER carbs, al inc 4MV Quadrajet 

9666 SOLEX CARBURETORS ail 1 & 2 barrel downdraft models 

6354. SU CARBURETORS tune & rebuild al to 1976. 

9423 STROMBERG CD CARBS tune/rebuid all to 1976 

1511 WEBER CARBURETORS tune & rebuild all models to 1979 

0827 AUTOMOTIVE REFINISHING best. professional paint book 

8425 MINOR AUTO BODY REPAIR step by step how to 

5104 AUTOBODY REPAIRING & REPAINTING the best - 

5106 GLASS FIBER AUTO BODY construction & repair 

9638 DESIGNING TOMORROW'S CARS from idea to finished car 

1071 CREATIVE CUSTOMIZING how to do-t ike a pro 

3726 ENGINE SWAPPING latest techniques with actual swaps 

8491 PRACTICAL ENGINE SWAPPING how to do it right 

6029 DIESEL GUIDE covers everything owner /buyer should know 

0541 MODERN DIESEL CARS describes ali models now sold 

7128 DIESEL, How to convert your car, van, pickup to 

8432 DIESEL ENGINES, HOW TO REPAIR. complete training course 

1017 AUTOMOBILE ENGINE REBUILDING ..— 


TUNING GUIDES 


iKnow your car inside and out.; 


now how to fix it...to tune it...to service it...to 
- it running right. The TOTAL SERVICE MAN- 
BAL for your car will show you how to do everything 
gom a minor adjustment to a major repair. 


WroTAL SERVICE MANUALS are digests of official 


TOTAL SERVICE MANUALS 


1258 DATSUN 311 sports car 1600/2000 SPL & SRL mals 
9297 DATSUN PICK-UP 68-80 covers al 521 & 620 models 
0871 DODGE 68-77 for ai Monaco & Polara models 

1259 DODGE OMNI 78-80 covers ali models nc 0-24 

8371 DODGE PICK-UPS 65-78 covers ali 4-whi dr models 
1298 DODGE PICK-UP 71-80 for all 2-whi dr. models 

8203 DODGE VANS 67.70 al èz. % & 1 ton mals inc Plymouth 
6070 DODGE VANS 71.80 covers ali models 

8192 DUSTER 70-76 for ali models inc. Scamp 

0178 ESCORT, FORD 80-81 covers all modes 

8189 FAIRLANE, FORD 62-70 covers al models 

8366 FAIRMONT.FORD 72.80 covers all models 

9874 FALCON, FORD 6 64.70 covers all cyl models 

9776 FIAT 124 67.77 all inc són, sta wgn. TC, spol 

0844 FIAT 124 SPORT 63-78 all coupe & convertible models 
9640 FIAT 128 72-79 for all models inc SL & Rally 

8742 FIAT 131 75-80 covers all models inc Miraton 

1201 FIAT 850 64-74 ail sedan. coupe & spider mais 

0399 FIAT X1/9 73-80 covers al models 

6022 FIAT STRADA 79-80 

1073 FIESTA, FORD 77-79 for ai models 

0675 FIREBIRD 67-69 covers ali models 

6309 FIREBIRD 70-80 covers all models inc Trans Am 

9611 FORD 71-78 inc LTD Y, Ranchero, Thunderbird 

0872 FORD 68-79 for Galaxe, LTD Custom, XL & wagons 


3369 FORD COURIER 72.80 covers all models imported 
8205 FORD PICK-UP 65-68 al 2 & 4whi dr mdis. 1/2-1 ton 
(0451 FORD PICK-UP 69-81 covers al modes 
8204 FORD VANS 61-80 for all. X. &1 ton models 
0453 FORD VANS 69.79 covers all 6 & VB models 
GRANADA, FORD 75-80 covers ai models 
HONDA 360, 600, 67-75 for a! models inc "T 
HONDA ACCORD 77-80 covers ali models 
HONDA CIVIC, 73-79 covers all mode's ine CVEC 
HONDA PRELUDE 79-80 complete coverage 
INTERNATIONAL SCOUT 67-73 800. A. 8. mais 
INTERNATIONAL 62-78 tune/maintain Scout, wagon. pickup 
JAGUAR 55-69 sedan mds 2.4, 3.4, 38, 240, 340. 
JAGUAR E-TYPE 61-72 covers all 6-cyinder models, 
JAGUAR E-TYPE V12 71-74 covers a! models 
JAGUAR XJ6 68-78 covers all models 
JAGUAR X12 72-79 for ai models nc XS. Daimler 
JEEP 50.65 for 4 & 6 cyi staton 
JEEP 66-79 tor all Cherokee. Commando & Wagoneer mals 
JEEP WAGONEER series with 230 chc eng. 
JEEP UNIVERSAL C3-2. CJ-3 reprint factory manual 
JEEP C15, C16, C)7. 55-79 
JEEP FC150, 170 covers ai front cab models 
JENSEN HEALEY reprint of factory manual 
LANCIA BETA 76-80 for sedan, coupe & HPE models. 
LANDROVER 59-77 covers 2, 2A, 3 gas & diesel models 
LOTUS ELAN 62.74 covers all models nc Pus 2 
LINCOLN 71-77 all models inc Versailes 
MAVERICK 69-71 6 cyl. 170, 200, 250 cu i^ eng. 
MAVERICK 72.77 covers all models 


71.78 includes RKA and Cosme models 
RX 79-80 covers all modes 
JA PICK-UP 72-75 8-1600 & rotary eng. máis 
MAZDA 808, 818 72.78 covers all models. 
MAZDA 1500, 1800 67-74 covers all models 
MERCEDES-BENZ 59-70 ai inc 190,200,300 & diesel mais 
MERCEDES-BENZ 190SL reorint of owner's manual 


HOME REPAIR — TECHNICAL BOOKS 


CAR INTERIOR RESTORATION useful for all cars 
‘OLD CAR VALUE GUIDE latest eciton 
BYPASS EMISSION CONTROLS 71-77 si Ford buit cars 
BYPASS EMISSION CONTROLS 71.77 GM cars 
BUICK POWER MANUAL performance tuning the V6 models 
CHEVY SUPER SPORT 61.76 everything about every model 
CHEVROLET RACING ENGINE how to buid 
CHEVY, RACING THE SMALL BLOCK... super performance 
CHEVY PERFORMANCE. geting the most trom smali blocks 
CHEVY SMALL BLOCK, how to rebuild 
CHEVY SMALL BLOCK, How to hotrod 
CORVETTE RESTORATION SOURCE BOOK 53.67 the bibie’ $19.95 
FORD SMALL BLOCK, How to rebuild $7.95 
FORD V4. now to rera 351C.351M 400 429.460 engnes 95 
PINTO, how to rebuid the cj $9.95 
FORD PERFORMANCE how to get ifr street or track 5895 
MUSTANG. HOW TO RESTORE YOUR complete how o manual $14.95 
ENGINE POWER everything from basses o super tuning $8.95 
BOLT-ON PERFORMANCE wat to buy & what t wil do $9.95 
SUPERPOWER- tube E sipeacarg min 5 
DESIGN & TUNING COMPETITION ENGINES 
HOW TO MAKE YOUR CAR HANDLE sireet/track 
AIRCOOLED ENGINES MANUAL a! 1 & 2«y over 15 cd 
SMALL ENGINE SERVICE MANUAL al 1.5 under 15 cd 
LAWNMOWER f ai maing, push type. 
RIDING LAWNMOWER manua for ai major makes and modes $i 
SNOWTHROWER manual coves all popular makes and models. $7.95 
SNOWMOBILE manual for all makes from 1965 thru 1978 .... $9.95 
SMALL TRACTOR manual 65.81 ai makes/models 830 hp $19.95, 
MACHINING FUNDAMENTALS to use all machine shop equp -$17.95 
EXCAVATOR OPERATION cozers, backhoes, loaders, cranes . $9.95 
FORK LIFT TRUCKS service. overhaul al gas. prop. eee $1995 
HEAVY EQUPT REPAIR dozer. backhoes cranes, plus $19.95 
MOPED SERVICE & REPAIR al makes & models $795 
CHAIN SAW SERVICE MANUAL tor top 34 makes 58.95 
SMALL AC GENERATOR MANUAL al popular makes 71-51 . 8895 
POWER TOOL HANDBOOK how to use. maintain, repair them $7.95 
OIL BURNERS. How to stall and sence 59.95 
WASHING MACHINES fx ai makes & models $585 
CLOTHES DRYERS fix a! makes and models $5.95 
1268 SEWING MACHINE REPAIR service. adjust. repar all makes $895 
8727 KITCHEN APPLIANCES fu retrgrtrs. ranges. far, much more $695 
9413 SMALL APPLIANCES how to fx he 10 most common $495 
3447 ELECTRICITY FROM WIND, WATER & SUN "ow to get t 3695 


8724 LOCKS & LOCKSMITHING complete step-by-step course $8.95 


$1395 
$9.95 
$7395 
$9.95 
$7.95 


$795 


factory workshop manuals. Each one is carefully re- 
written for use by the do-it-yourself car owner. Clear 
and easy to follow, yet complete and detailed enough lj 
even for professional use.. You get all the important 
information plus hundreds of the best pictures, dia- 
grams, and specifications. L| 


SATISFACTION GUARANTEED OR YOUR MONEY BACK 


1746 
3483 
147 
148 
9485 
0416 
8439 
9773 


9436 
0710 
1105 
1098 
1106 
1720 
8396 
0917 
0884 
9876 
0479 
8272 


9386 


MERCEDES-BENZ 220 59-65 covers all mals 
MERCEDES BENZ 220 68.72 mals except Diesel 
MERCEDES-BENZ 230 63-68 inc 2305 & SL 
MERCEDES-BENZ 250 65-68 covers all models 
MERCEDES-BENZ 250,280 68.72 all models plus 230 
MERCEDES-BENZ 68.73 inc 280, 300 & 350, 450 VB mais 
MERCEDES-BENZ 74.79 Covers ali models inc Diesels 
MERCURY 71-77 for ali models inc Cougar 

MERCURY MONARCH 75-80 covers all models 
MERCURY ZEPHYR 78:80 al! models inc turbocharged 
MG TA, TB, TC, TO, TF 36.55 

MG MIDGET 58.78 covers all models 

MGA.MGB 55-68 covers all models inc twin cam 
MGB.MGB GT 69-79 for al roadster & coupe models 
MGC reprint of factory manual 

MINI 59-78 covers all models inc Min Cooper 
MONZA, CHEVROLET 75-80 plus Astre. Starfire. Skyhawk 
MUSTANG 6 65.72 covers al 6-cyinder models 
MUSTANG V8 65.73 covers al models 

MUSTANG Il 74.78 covers all 4, V6, & VÀ models 
MUSTANG 79-80 covers all models inc Ghia 

0951 NOVA, CHEVROLET 69-79 covers all models 

7107 OLDS CUTLASS 70.80 covers ali models inc 442. 
6308 OLDSMOBILE 68-76 covers all 88 and 98 models 
1724 OPEL KADETT 62.73 1000, 1100, 1200 models 
8273 OPEL 66-79 for ali models inc 1900 Manta & Isuzu 
9589 OPEL GT 68.73 covers al 1900 modets 

0876 PEUGEOT 504 68.74 includes dese! models 

0711 PEUGEOT 504 DIESEL 74-80 covers all models 

7124 PEUGEOT 504 68.79 for a! gasoline engine models 
0883 PINTO 70-80 covers all mode's inc Mercury Bobcat 
0874 PLYMOUTH 68-76 Fury, VIP, Gran, Suburban models 
1660 PLYMOUTH HORIZON 78.79 covers all models 

0851 PONTIAC 68-76 al ful-size inc Catalina, Bonnevile, GP 
0489 PONTIAC TEMPEST 68-73 all mais inc GTO, Le Mans 
1650 PORSCHE 356 57-65 covers A. B & C models 

159] PORSCHE 911 64-73 covers all models 

8173 PORSCHE 911 74.77 includes N, S, Targa, Carrera 
1590 PORSCHE 912 65-69 with 1582cc engine 

3834 PORSCHE 914 70-76 all models inc 914/6. 

0993 PORSCHE 924 76-80 covers all models inc Turbo 
0372 RENAULT 5 72-79 for al models inc Le Car 

1224 RENAULT B, 10 62-72 covers all models inc 1100 
9429 RENAULT 12 69-79 covers all models inc auto trans 
0645 RENAULT 15, 17 71.78 all mals inc TL. TS 

1554 RENAULT 16 65.78 covers al models 

0395 ROADRUNNER & SATELLITE 68.73 all models 

0750 SAAB 99 69.79 covers all models 

B440 SAAB 67.79 covers all models inc Sonnet 

1098 SPRITE 58.71 covers all Mk 1, 2, 3 & 4 models 


8058 SUBARU 72.81 for all models inc Brat. 
0845 SUNBEAM TIGER reprint of factory shop manual 

0489 TEMPEST, GTO, LE MANS 68.73 all models 

3773 THUNDERBIRD 71-77 covers al models 

8189 TORINO 68.75 all models c Eite, Ranchero 

0829 TOYOTA CELICA 71-80 covers al models, 

9812 TOYOTA COROLLA 68.79 all models pus 5-spd 

7132 TOYOTA CORONA 70-80 covers al 4 

0754 TOYOTA CORONA Mk 2 72-76 for al cylinder models 
0647 TOYOTA HILUX 68-79 covers all pickup model 

8524 TOYOTA LAND CRUISER 66-77 covers all models 

0901 TOYOTA TERCEL 79-81 

1200 TRIUMPH SPITFIRE 62-78 covers all models 

1015 TRIUMPH TRS, TRE, 67-76 all models nc TRZ50 

8693 TRIUMPH TR7 75.79 

8192 VALIANT 68-76 ali mdi inc Scamp, Signette 

0567 VEGA 70.73 covers al models including GT 

(0884 VEGA 74.77 ai models mc Monza. except Cosworth/Vega 
0782 VOLARE, PLYMOUTH 76-79 covers all models 

1227 VOLKSWAGEN BEETLE 54.67 ali mais nc Karmann-Gha 
0140 VOLKSWAGEN BEETLE 68.77 al mais nc Karan Ga. 
0419 VOLKSWAGEN RABBIT SCIROCCO 75.79 al gasoline models 
6009 VOLKSWAGEN RABBIT, SCIROCCO 80.81 al gasoline models, 
8166 VOLKSWAGEN RABBIT 77-80 covers diesel models only 
1125 VOLKSWAGEN BUS 61.79 al camper, van, transporter mdi 
3582 VOLKSWAGEN TYPE 3 62.73 for squareback, fastback 
9778 VOLKSWAGEN 411, 412 68.74 covers all models 

8748 VOLKSWAGEN DASHER 74.79 covers al models 

9444 VOLVO P1800 60-73 al models nc E & ES 

1754 VOLVO 142, 144, 145 66.74 for al models inc 5 & È 
9558 VOLVO 164 68.75 for all models nc fuel injection 

3729 VOLVO 242, 244, 245 74-80 for all models 

8311 VOLVO 264, 265 75.80 covers al models 
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I Books shipped to all paris USA/Canada (US Dollars) 
E Glenciose full payment phone orders 516-676-8043 
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$12.95 
$1295 
$12.95 
$1295 
$12.95 
$11.95 
$1195 
$1295 
$1095 
$1095 
$1295 
$1195 
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$1295 
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Laser 


gyroscope 


will guide passenger jets 


Triangular glass block checked by a Hon- 
eywell engineer is a laser gyroscope sim- 


OUTPUT VIA 
R PRISM 


PHOTODIODE 
MIRROR 


ROTATION OF 
DEVICE 


haag ee J 

GAS DISCHARGE 
Laser beams circulate in opposite direc- 
tions in glass cavity. Rotation of aircraft 
changes the path length for beams, result- 
ing in an interference pattern. 
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ilar to units used in new ai 
detects angular aircraft motion. 


Gyros detect aircraft pitch, 
roll, and yaw without 
using rotating parts 


By ROBERT OWEN 


You may not detect anything, but if a 
high-altitude wind jolts your Boeing 
757 or 767 jet off course, something 
special will take place. Angular move- 
ment of these new-generation airlin- 
ers will, in turn, infinitesimally alter 
the distance laser beams travel inside 
small, triangular glass blocks—the 
heart of some remarkable gyroscopes 
with no rotating parts. This distance 
change will be converted into digital 
data that will be used by a computer to 
bring you back on course. 

The ring laser gyro is part of an 
inertial reference system made by 


Honeywell (Minneapolis, Minn.). An 
inertial reference system senses 
course changes by detecting the an- 
gles through which an aircraft turns. 
This and other information is fed into 
a computer to provide position, veloci- 
ty, altitude, and heading. Navigation 
systems require three gyroscopes to 
measure pitch, roll, and yaw. 

Honeywell has been developing its 
laser gyro for more than 18 years. The 
result, now on the market, has several 
advantages over conventional air- 
borne gyroscopes, the firm believes. A 
laser system uses no spinning mass, 
which requires warm-up time and can 
produce errors from acceleration ef- 
fects, and has no rotating parts to 
wear out. This boosts reliability and 
lowers cost. 

The laser gyro senses rotation by 
sending two laser beams in opposite 
directions around a triangular path 
formed by mirrors. When the gyro is 
at rest the laser beams have identical 
frequencies. The precise or resonant 
frequency for the beams is determined. 
by the length of the optical path they 
travel. 

Imagine you're an observer riding 
one of the light photons traveling 
clockwise around the gyro. If you've 
just left one mirror and the gyro ro- 
tates clockwise, you'll have to travel 
farther to return to your starting 
point. Similarly, an observer aboard a 
counterclockwise photon would find a 
shortened path length. 

This length change of the two paths 
has the effect of increasing the fre- 
quency of one beam and decreasing 
the frequency of the other. The fre- 
quency difference between the two 
beams indicates how far the aircraft or 
device has rotated. 

To measure this difference, a frac- 
tion ofthe laser beams passes through 
the top mirror. A prism deflects one of 
the beams so that both travel in the 
same direction. Then the two beams 
are run together to create an optical 
fringe pattern—alternating dark and 
light lines. Frequency differences be- 
tween the beams cause the fringe pat- 
tern to move across a photodetector. 
By counting the passing fringes, the 
amount of aircraft rotation can be 
detected. Aircraft movement as small 
as 0.0005 degree in pitch, roll, or yaw 
is detected by the laser gyros. Long- 
term accuracy is comparable to me- 
chanical gyros. 

Early gyro development focused on 
obtaining extremely high reliability 
and precision. But in recent years 
Honeywell has concentrated on trim- 
ming production costs. So far, because 
of low initial production, the cost of 
the new units is comparable to 
mechanical gyros. 


TILLER USERS! 
Just ONE HAND! 


The wonderfully different and better idea in Tillers! 


The TROY-BILT? Roto Tiller- 
Power Composter is so 
easy to handle, you guide it 
with Just ONE HAND! 


Has its revolving tines in the REAR instead of 
the FRONT! 


e Has POWER DRIVEN WHEELS! 

e You leave NO footprints nor wheelmarks! 
Now has 4-SPEEDS! “Whisper Quiet" Power 
Reverse! 

The TROY-BILT® Roto Tiller-Power Compost- 
er is built by the builders of the original 
famous ROTOTILLERS, which introduced 
rear-end tillage over 50 years ago. This latest 
and greatest of them all is now, more than 
ever, the favorite coast to coast with home 
gardeners, growers, nurserymen, tiller 
renters, landscape gardeners! 

Favora! models, including ELECTRIC START- 
Does NOT tangle near as much as ordinary 
Tillers! 

It chops garden residues, weeds, green 
manure crops, old mulch, any kind of organic 
matter right into your garden soil without un- 
bearable tangling! 

It turns your whole garden into one big fabu- 
lously fertile “compost pile”! 

Does NOT require great strength ... older 
people, ladies, too, operate it easily. We have 
many delighted owners in their 70's, 80's, 
even 90's who tell us they would have given 
up gardening if they did not have our Tillers! 
Instant depth control! Hood encloses tines 
for safety and for close cultivating! 
Furrowing, snow removal and other attach- 
ments available! 

Automotive-type engineering — precision 
gears, tapered roller bearings, no chains to 
stretch, wear or work loose! 

Sold direct to keep prices down —would have 
to be at least $125 higher if sold ordinary 
ways! 

Comes with our famous no-time-limit 
promise to you! 

Will GREATLY increase your gardening joy! 


1982 Garden Way 


a 


Why, for heaven’s sake, 


suffer any longer with the 
FRONT-END type of tiller 
shown at left—the type with 
the revolving blades in 
FRONT and NO POWER to 
the wheels — the type that 
shakes the living daylights 
out of you— the type that 
leaves Wheelmarks and Foot- 
Prints in the nice smooth 
soil you have just tilled or 
cultivated? 


SO, PLEASE don’t buy any other Tiller—don’t 
put up any longer with the Tiller you now have! 
Mail the coupon NOW for complete details, 
prices, OFF-SEASON SAVINGS for this wonder- 
fully different and better idea in Tillers — The 
TROY-BILT® Roto Tiller-Power Composter! 


TROY-BILT® Roto Tiller-Power Composters 


102nd Street & Ninth Avenue 
Troy, New York 12180 


CLIP AND MAIL THIS COUPON TODAY 


TROY-BILT® Roto Tiller-Power Composters 
Dept. A1029C 

102nd St. & 9th Ave., Troy, N.Y. 12180 

Please send me the whole wonderful story of your 


prices, OFF-SEASON SAVINGS now in effect. 


D Mr. 
O Mrs. 
D Ms. 


Address. 


l Tillers, with and without electric starting, including 


City. 


State. Zip 
a SS aS ee 


VW for less money? It's Ram 
Tough Dodge's new Mini Ram 
Wagon 

Compare Dodge Mini Ram 
250 to VW Vanagon— passenger 
seating, gasoline mileage, fuel 
capacity and range, horsepower 
and rear loading area. Mini Ram 
gives you more. 

Then compare standard 
features like power steering and 
factory-installed options like air 


conditioning and your choice of 6 


sound systems: all available in 
Mini Ram. Not in Vanagon 
Now compare price. Mini 
Ram costs $1,995 less than 
Vanagon. For panel-side van 
buyers, there's a Dodge Van 
with the same performance, effi- 


**Use these numb 
Calif. est. lower 


Who moves more people than 


Here’: Shan Nid Ram bests Vernon 


m W Vanagon | 


$9,365.00° $11,360.00* 
I9MPG** | 
| 
95 67 
8 7 


36 gal 


ciency and interior dimensions as 
Mini Ram Wagon at a price VW 
hasn't seen in years—just $6,928* 

Underneath it all, Mini Ram is 
a Ram Tough Dodge Wagon. With 
the best rust protection of all 
wagons. There's 100% electro- 
coating, plus 370 sq. ft. of galva- 
nized steel in critical areas 
compared to VW's 4 sq. ft 

New Dodge Mini Ram 


| Wagon. It does more than VW 


Vanagon and it does it for less 
As a pure people mover it just 
might be the best buy on the road 


For safer traveling: 


take-along 
smoke alarm 


Business travelers can always be fire- 
ready with semi-permanent installation in 


Common wire coat hanger makes versa- 
tile temporary hanger when ends are bent 
around to form secure cradle. 


attaché case. Place opened case on unob- 
structed shelf or other elevated location. 


Pair of bulldog clips and stout, nonmetal- 
lic cord work well. Other ideas: heavy 
paper clips or a spring-type clothespin. 


Carry it with you wherever 
you go—and relax 


By GEORGE L. BEISWINGER 


Those tragic back-to-back hotel fires 
of 1980—84 dead at Las Vegas’s MGM 
Grand, 26 dead at Stouffer's Inn in 
White Plains, N.Y.—certainly grabbed 
the nation's attention, but sadly they 
were not uncommon occurrences. The 
U.S. Fire Administration says that 
each year there are more than 1,000 
reported fires, resulting in an average 
of 150 deaths, in American hotels, 
motels, resorts, and other commercial 
sleeping establishments. Most fatali- 
ties are not caused by flames but by 
inhalation of smoke and toxic fumes. 
Yet only a small percentage of hotels 
and motels provide smoke detectors in 
guest rooms. 

But you needn't be at the mercy of 
fate and lax fire codes every time you 
travel. For several years I've carried 
along my own home-type smoke detec- 
tor. A temporarily installed detector 
will function about as well as one 
that's permanently located, and a typ- 
ical small, plastic-encased detector 
can be packed as easily as a travel 
alarm clock. In fact, one manufactur- 
er—First Alert—has just introduced 
the first commercial model designed 
for this use: The Travel Smoke Detec- 
tor (under $30) comes with a bracket 
that clips it to the top of any door. 

There are many smoke detectors on 
the market, all of two general types 
[for a full buyer's guide see PS, Oct. 
"18]. Ionization types, which are acti- 
vated by minute particles of combus- 
tion materials, are smaller and more 
sensitive than photoelectric types, 
which are set off by visible smoke. Of 
course, any traveling detector should 
be battery operated. 

When flying, take your detector in 
carry-on luggage if possible. The Fed- 
eral Aviation Administration says 
that commercial airlines must allow 
them on board—even those that con- 
tain a small amount of radioactive 
substance. When packing one to be 
checked or shipped, place it between 
several layers of clothing to prevent 
jolting the delicate device. Always 
remove the battery before packing: 
Some detectors have a test sounding 
button that could depress in luggage, 
and tobacco smoke and other fumes in 
a plane, bus, or train could also pre- 
maturely sound the alarm. 

The photos show some installation 
ideas. In general, hang the detector in 
a high, dry spot where air circulates 
freely, but not in a moist location or 
where strong air currents could de- 
flect combustion particles. us 
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NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all means 
write for our free booklet as a guide, 
whether you do it yourself, or employ 
us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 
* The Next Step to Take if a Manufac- 
turer Shows Interest 
* Approximate Royalty Rates Manufac- 
turers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 

Patenting 
Our reason for giving away information 
we've gathered over our 26 years in this 
business is simply that we hope you 
read it and employ us at our reasonable 
fee rather than do it yourself. But that 
will be for you to decide. 

But understand, we are not promoters, 
developers, brokers. Ours is a technical 
service of writing descriptive materials 
foryourinvention and selecting the right 
manufacturers who potentially should 
be interested in it. The materials we 
prepare are your property. 

e are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet.We want you as 
a client but only if, after reading it, you 
think you need us. Otherwise the book- 
let will show you how to do it yourself. 

So use the coupon below or call us 
Toll Free. We'll rush the booklet to you. 
No obligation whatever. But please do 
not send models. 

REFERENCES: Your own bank, 
attorney, or Chamber of Commerce. 

Mail this coupon or CALL TOLL 
FREE 800/537-1133, Ext.71. In Ohio 
CALL 419/332-6496, Ext.71. Mail the 
coupon or call today. 


i, MAIL THIS COUPON 


Il Mr. K. O. Kessler, President 
1 Kessler Sales Corporation, 
Dept. 71 Fremont Ohio 43420 
Wl Please mail me a copy of your FREE Book- 
J| let explaining how to go about selling my 
I invention. It is understood that this does 
HS obligate me in any way to use 
your service. 


L| 
Name. 
L| 


I Street Address. 
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1 
City. State. Zip. 
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Portable power 
from a Stirling-cycle engine 


Imagine a compact, quiet power plant 
that delivers over seven kilowatts of 
electricity—plus hot water for heat- 
ing. Let’s say this power source is also 
virtually pollution-free, able to burn 
most fuels, and requires minimal 
maintenance. 

Sweden’s FFV industrial group felt 
outstanding performance such as this 
was practical with modern technolo- 
gy. So in 1968 FFV and other firms 
began joint development of an ad- 
vanced Stirling engine. (These en- 
gines work by external combustion— 
heating and cooling a working gas 
such as helium—instead of internal 
combustion.) Now, having spent over 
$25 million on the project, FFV has 
introduced its 20-hp V160 engine. 

It’s a remarkable 220-pound pack- 
age. But you can’t buy a V160 for a 
summer home or ski cabin yet. Initial- 
ly, FFV’s U.S. subsidiary, Stirling 
Power Systems (Ann Arbor, Mich.), 
will sell the engine to recreational- 
vehicle manufacturers. V160's may 
appear in 1983-model luxury motor 
homes or yachts. SPS president Len- 
nart Johansson anticipates military, 
agricultural, and other uses. 

"The co-generation applications, in 
which waste heat from the Stirling 
engine is profitably recovered, make 
an ideal way to reduce costs through 
more efficient use of our energy 
resources," says SPS's John Agno. 


Two-cylinder Stirling engine and genera- 
tor supply electricity and hot water. Dia- 
grams show power cycle (top to bottom): 
Compression—working gas is com- 


FFV's V160 joins a long line of Stir- 
ling-cycle designs. Robert Stirling, a 
Scottish engineer and theologian, pat- 
ented the engine in 1816. Before los- 
ing ground to electric motors and gas- 
oline engines in the early 1900's, Stir- 
ling engines saw wide use: water 
pumps, industrial power winches, 
household fans, and even popcorn 
shakers. Researchers are now explor- 
ing Stirling-engine concepts for cars 
in the late 1980’s [PS, April '76]. 

The new FFV engine is a single- 
acting V-type design with one com- 
pression and one expansion piston 
(160-cc swept volume). Swedish engi- 
neers sacrificed some power and effi- 
ciency to boost reliability and trim 
costs. For example, they selected heli- 
um gas instead of the more efficient 
hydrogen gas, which requires costlier 
materials and seals. V160's are opti- 
mized for operation at 1,800 rpm and 
11 hp, but can provide 20 hp at 3,600 
rpm. At 1,800-rpm engine operation, a 
generator in the soundproof module 
puts out 6.5 kW. 

FFV estimates engine life at over 
5,000 hours. External combustion us- 
ing diesel, propane, gasoline, or other 
fuels keeps combustion products away 
from oil and moving parts. That min- 
imizes wear and cuts maintenance. 
Stirling engines also offer the promise 
of the cleanest power source of all: 
solar energy.—John Free 


COLD SIDE 


HOT SIDE 


pressed on cold side. Displacement—gas 
moves from cold to hot side. Expansion— 
heated gas expands, pushing piston. Dis- 
placement—gas moves back to cold side. 


(ADVERTISEMENT) 


Forget about expensive solar collectors. All the solar energy you need to heat and cool your home 
is already collected and stored. 


THE GREAT SOLAR FLY WHEEL 


Thinking about solar energy? Good for 
you! I've been in the heating and cooling 
business for many years, and I'm 
completely convinced that solar energy is 
the most practical solution to the energy 
crisis. 

However, you may be shocked when 
you find out how much solar collectors 
cost. Relax! I've got some good news for 
you: the biggest and best solar collector 
in the world is already in place at your 
doorstep. It's just waiting for you to use it. 

The biggest and best solar collector, of 
course, is good old mother earth. Every 
day she soaks up tremendous amounts of 
energy — enough energy to heat and cool 
every home, school, office and factory in 
the world. Where is all this energy 
stored? Well, much of it is stored in 
ground water — in water just 50 to 100 
feet deep in the ground. 

And you can tap this energy for your 
own use, to heat and cool your home. All 
it takes is a ground water heat pump and 
a couple of water wells. That may sound 
like a complicated and expensive system, 
but it’s really a very economical system 
that can pay for itself in fuel savings in 
just a short time. Let me tell you how it 
works. 

Here in Virginia, for example, the 
water 50 feet deep in the ground stays ata 
constant temperature of 60° all.the time, 
summer and winter. With a ground water 
heat pump, instead of cooling the outside 
coil of your air conditioner with hot 
outside air, you cool it with 60° ground 
water. Your compressor has to work only 
half as hard, and you cut your electric bill 
in half. 

In the winter, it's just the reverse. 
Instead of burning expensive fuel, you 
use 60? ground water to boil Freon in a 
heat pump. Again, it's a very simple 
system, and the saving in your fuel bill is 
enormous. 

And talk about conserving natural 
resources — the ground water heat pump 
system doesn't waste a drop of water. All 
the water you pump from one well goes 
right back into the ground by way of a 
second well. And you don't pollute the 
water, either. All you do is take some heat 
out of the water in winter, and put some 
heat back in the water in summer. It's like 
a great fly wheel with the sun replacing 
the energy you use. 

Some of the best-known companies in 
the industry are now manufacturing 
ground water heat pumps, and the cost of 
the equipment has become very 
reasonable. The only big expense — the 
only reason everybody hasn't already 
switched to a ground water heat pump 
system — is the high cost of drilling two 


E! 
$ 
$ 
= 
z 
& 
g 
H 
z 
E 


RONALD SIMMONS 


wells for each system. The prices 
commercial drillers charge have gone out 
of sight. That's the reason I got a Hydra- 
Drill. 

Now I've got to say one thing: I never 
thought I wanted to be a well driller, but 
I'd never seen anything like this Hydra- 
Drill. Let me tell you. It was delivered to 
our shop one afternoon, and I took it out 
to a job site to fool around with it a little 
bit and see how it works. Wow! Before I 
knew it, I had drilled down 50 feet! I had 
no idea it would be so easy! 

The next morning I took one of the 
boys with me and we finished that well 
and put a pump on it and got a solid 
stream of water. Then we moved to the 
other side of the house and drilled the 
second well. In less than a day and a half 
we had completed both wells. A 
commercial driller would charge 3 or 4 
times what it would cost us to do the job 
ourselves. 

And another thing, the Hydra-Drill 
goes places a commercial driller couldn't 
take his big drilling rig. We can drill in 
backyards. We can drill up next to the 
house. We can even drill behind the rose 
bush if we want to. There's just no place 
we can't drill with a Hydra-Drill. 

We've got our drilling costs under 
control now, and our ground water heat 
pump sales are spreading like wildfire. A 
lot of times, we'll be drilling and a 
neighbor will come over and ask us to 
drill a well for him. I have to say "Sorry, 
we're just too busy. Why don't you get a 
Hydra-Drill and put in the well 


yourself?" 

People ask me about the Hydra-Drill 
They want to know if it's practical and if 
Im pleased with it. My answer is 
"Definitely! Absolutely! I'm just amazed 
with it!" 


NOTE: Readers can get a big, fully 
illustrated information kit on the Hydra- 
Drill including a booklet, "How to Drill 
Your Own Well" The information kit is 
available free, without obligation. Requests 
should be addressed to DeepRock Mfg. Co., 
199 Anderson Road, Opelika, AL 36802. 


ONE MAN 
WELL DRILLER 


SAVE HUNDREDS 
OF DOLLARS 
For less than $1 per ft. 
you can drill a water 
well in your backyard 
next weekendl 
Have all the 
pure, fresh 
water you 
want FREE! 
The HYDRA- 
DRILL drills 
water wells 
50 to 200 
feet deep. Easy 
to operate as 
a power lawn 
mowerl 


VISITORS WELCOME! 
ve 
FOR FREE BROCHURE 
CALL TOLL-FREE 


(800) 821-2280 


Ask for Ext. 199 
IN ALASKA & HAWAII CALL (800) 821-3777 
*Call anytime including Sundays. 


OR CLIP COUPON AND MAIL TODAY! 


DeepRock Mfg. Co. 

199 Anderson Road 

Opelika, AL 36802 

Please mail your free information kit immedi- 
ately. | understand there is no obligation and 
no salesman will call. 


Print Name 


Address 


City 


61981 DeepRock Mig: Co. 


RECREATION IROUNDUP 


By HERBERT SHULDINER 


High-mpg RV's 

Recently | had an opportunity to test two 
of the more fuel-efficient RV's available 
these days: the Winnebago Warrior [PS, 
March '81] and the Volkswagen Vanagon 
Camper. 

The Warrior (shown in photo above) is 
Winnebago's newest motor-home de- 
sign. It's sleeker and lighter than any other 
full-size motor home now sold. The com- 
pany claims the 22-foot vehicle has 
attained fuel-economy performance of up 
to 15 mpg in extensive road tests. Those 
results, however, were obtained with a 
stripped-down model. 

The Warrior | tested was a deluxe ver- 
sion with a generator, air conditioner, and 
other plush options. | did not use the gen- 
erator or air conditioner on my test trip. 
Despite this, | averaged only about 11.5 
mpg (observed fuel economy) on a 400- 
mile trip to Vermont from my home in a 
New York City suburb. 

In runs over a measured course with 
precise fuel-measuring equipment in- 
stalled, PS auto testers obtained the fol- 


lowing results: 
11.8 mpg at a con- 
stant 35 mph; 11.6 
mpg at 45 mph; 
and 9.7 mpg at 55 
mph. My conclu- 
Sion: Fuel econo- 
my is significantly 
higher than the 
typical six- to sev- 
en-mpg perfor- 
mance obtained 
with conventional- 
ly constructed mo- 
tor homes, but a 
long way from ac- 
ceptable in today's 
high-priced fuel 
market. 

However, in my 
opinion the War- 
rior is a step forward. Despite its light 
weight and scaled-down size, the vehicle 
is roomy and provides most of the ameni- 
ties found in bigger, less fuel-efficient 
motor homes. With a diesel engine (per- 
haps as early as the end of 1982), the War- 
rior should attain a fuel economy of 
almost 20 mpg—or more. 


VW's Vanagon Camper 


| drove a Camper all the way to the Cape 
Breton Highlands National Park in Nova 
Scotia last summer, amassing some 2,500 
miles on the odometer. The Vanagon 
Camper is a conversion by Westfalia of 
Germany, and the interior is a marvel of 
efficiency and smart design. I’ve never 
before used a camper where everything 
worked so easily and conveniently. And 
despite the interior's tight dimensions, the 
clever layout avoids giving a feeling of 
claustrophobia. In addition, the Camper's 
car-size dimensions make parking and 
road handling easier than in most RV's. 
The major drawback of the vehicle is a 
distinct lack of power. | just about had to 


forget passing on two-lane roads in hilly 
Nova Scotia and New England. And you 
definitely have to adjust your timing when 
entering superhighways. 

Fuel economy with the Camper is con- 
siderably better than what you'd achieve 
with domestic vans, but far from thrifty. | 
averaged just under 15 mpg during my 
trip. But did do a lot of mountain driving. 
The slightly higher speed limit in Canada 
cuts into fuel economy, too. 


Diesel Camper introduced 


The even more fuel-efficient VW Vanagon 
Camper (shown in drawing below) is now 
available. 

The Vanagon Diesel has a 29-mpg EPA- 
fuel-economy rating for both highway and 
city driving. It has basically the same body 
and chassis, but with a diesel engine. The 
power plant is a 1.6-liter overhead-cam 
engine, similar to the one used in the Rab- 
bit Diesel. The major difference in the 
van's engine is a cast-aluminum sump 
bolted to the crankcase and bell housing 
for greater power-train rigidity. VW has 
also recalibrated the fuel-injection pump 
to give more low-end torque. 

The diesel engine is water-cooled, and 
it's mounted over the rear-drive wheels. 
There's a four-speed manual transmis- 
sion (the same one used in the gas mod- 
el). Automatic and air conditioning are not 
available; the diesel just doesn't have the 
power to support those options. 

The new engine is designed to really 
take advantage of the surprisingly aerody- 
namic shape of the Camper. The boxy 
vehicle has a drag coefficient ranging 
between 0.43 and 0.45—better than many 
passenger cars. The price of the diesel 
Camper is $15,425. 


Snowmobile news 


If you want to obtain snow-condition 
reports for snowmobiling and other 
winter sports, a number of states maintain 
toll-free (800 area code) numbers. Michi- 
gan: 292-2520; Minnesota: 328-1461; 
Montana: 548-3390; New Hampshire: 
258-3608; Oregon: 547-7842; South Dako- 
ta: 843-1930; Wisconsin: 356-9508 (from 
adjoining states only); Wyoming 443- 
2784. 

The Governor's Cup Snowmobile Race 
will be held on January 9 in Aberdeen, 
S.D. The snowmobile World Champion- 
ships will be held in Eagle River, Wis., on 
January 16-17. us 
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thelowest IOO's? 
(Hint: it’s not Carlton. 


Ne is the lowest tar 100s. at2 mg., contains less than cigarette with 5 mg. of tar 
But it's easy to see half the tar of Carlton 100s even seriously competing for 
why some people think the Soft Pack. at 5 mg. (Is any the title of "lowest?") 

right answer is Carlton. pum m And Now 100s Box is by 


Carlton's been advertising 
itself as lowest for a very 
long time. And, in fact, at 
one time, it was. 

But that time is long 
gone. Look at the chart on 
the right and see for yourself. 

The truth is that 
today. Now 100s Soft Pack. 


Jar and away lower in tar than 

mU any other 100s whatsoever. 
Which is the lowest 

100s? No need to guess -Now. 


NUMBERS DON'T LIE. NOW 100s 
ARE LOWER THAN CARLTON 100s. 
i L 


1005.810058] 1005 toe 


Less than 
2mg |0.01mg 
5mg | Img 


The lowest in tar ofall brands. 


BOX, BOX 100's: Less than 0.01 mg. "tar", 0.001 mg. nicotine, 
Warning: The Surgeon General Has Determined SOFT PACK 85's FILTER, MENTHOL: 1 mg. "tar", 0.1 mg. nicotine, 
That Cigarette Smoking Is Dangerous to Your Health. SOFT PACK 100's FILTER, MENTHOL: 2 mg. "tar", 0.2 mg. nicotine, 
av. per cigarette by FTC method. 


CALCU-LETTER 


By DARRELL HUFF News of pocket calculators—and how to have fun with them 


Zap the zips 

What, a nine-digit zip code? Seems pretty 
wild, especially if you note that the ability 
to repeat nine digits is one of the items at 
the “superior adult” level of the Stan- 
ford-Binet IO test. 

Whatever the ultimate fate of this idea 
from the Postal Service, it offers a lively ex- 
ercise in permutations for your calculator. 

Permutations are tricky beasts. To begin 
with, you must distinguish them from 
combinations. With two objects, you can 
have two permutations but only one com- 
bination. Tea and milk—as a permutation 
of two things—is different from milk and 
tea, but both are the same combination. 

A few calculators have special keys for 
these functions (including Sharp's EL- 


5100 and 5101). Or you can use a program 
that is part of the Master Library module 
accompanying Texas Instruments' more 
sophisticated programmables. 

But any calculator will give the answers 
using the following formulas. Use the fac- 
torial key (!) if you have one; otherwise, 
recall that a factorial is the number in 
question multiplied by all smaller whole 
numbers. 

To find the number of combinations of n 
things taken rat a time, divide n/ by r/ and 
(n—r)!. To find the number of permuta- 
tions, divide n! by (n—r)/. 

The situation in which the things may 
be used over and over, such as the digits 
in a zip code, is called with replacement. 
To find the permutations of a five-digit zip 
code (10 things taken five at a time with 


CALCU-PUZZLES 


To fold a box 


Take a square piece of sheet metal, cut 
away a square from each corner, and 
fold up the sides. You've made an open- 
top box or tank. Morris Pearson of Stur- 
geon Lake, Minn., wants to make a tank 
that will hold exactly 13 U.S. gallons. 
What, he asks, would be the length of the 
side of the smallest tin square from 
which the tank could be made? Look for 
the solution in the next "Calcu-letter."" 


How many spins? 


Thelast column had you watching a rou- 
lette wheel bearing 36 numbers plus 
zero. You were asked how many spins 
would be needed to bring to about three 
to one the odds against any one number 


coming up twice. 

One approach is to subtract from one 
the probability of failure following each 
spin, continuing until the answer is close 
to 1/4. On the first spin, any result is a 
failure to duplicate, for a probability of 
37/37. On the second trial, there are 36 
possible negative results, giving 36/37. 
The third spin might match either of the 
preceding pair, for a failure probability 
of 35/37. Continue until less the 
product of all these probabilities is very 
nearly 0.25. You'll find that five does it. 
The success probability: 0.245678. 


Those cussed ages 


Did you figure out Uncle John's age? All 
you were told was that the square of his 
age is one less than the difference 
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between the cubes of Mark's and Judy's 
ages, and that Mark and Judy have one 
year separating them. 

This is no mere maze of the type you 
met in your high-school algebra books. 
A direct approach yields more un- 
knowns than equations. To let your cal- 
culator do the work, let a be the age of 
the older cousin. From a?, subtract one 
and the cube of a minus one. Take the 
square root. Do this for guessed succes- 
sive values of a till the result is a whole 
number. There are two reasonable solu- 
tions: a is four or 49, making the young- 
er cousin three or 48 and John six or 84. 

In the second cussed-age puzzle, you 
had three boys, aged at two-year inter- 
vals, and two girls, also two years apart. 
Notwo are the same age. The sum of the 
squares of the boys' ages equals the dif- 
ference between the cubes of the girls'. 

There is an element to solving this 
problem that is lacking in the previous 
one. Unless you select your unknowns 
carefully, you confront an unnecessarily 
complex equation. The shrewd ap- 
proach is to let x equal the age of the 
middle boy and y the age between the 
girls' ages. After setting up the equa- 
tions, expanding, and canceling, your 
trial-and-error search becomes a quick 
run. You check perfect squares till you 
find a pair in which the first is two less 
than twice the other. The pair that satis- 
fiesthis is 576 and 289: The boys are age 
22, 24, and 26; the girls are 16 and 18. 

You probably also found that the 
squares nine and 16 fit the equation, but 
these produce duplicating ages—out- 
lawed in the givens of the puzzle. 


replacement), raise 10 to the fifth power. 
Under the current postal system, there are 
100,000 variations. The new system, if 
approved, will permit 10 billion varia- 
tions—almost 50 times more than the 
number needed to give every American 
his own code. 


Five books 


It's all too easy to confuse permutations 
with replacement and those without. For 
example, Texas Instruments' excellent 
new paperback, Student Calculator Math, 
repeats an error from the 1976 edition, 
which was titled Math on Keys. Using the 
basic permutation formula, the authors 
find "an upper limit (15,600) to the total 
possible number of three-letter ‘words.’ '" 
But, of course, language allows use of the 
same letter more than once in a word, so 
the true limit (disregarding spelling con- 
ventions) is 26°: 17,576. 

This book is one of several useful fat 
paperbacks ordinarily sold only with TI 
calculators but obtainable from Texas 
Instruments, Consumer Relations, Lub- 
bock, Tex. 79408. This math brusher- 
upper costs $4.95, as does the Ca/cu/ator 
and Converter Handbook, which is espe- 
cially strong on conversions. Ca/culator 
Decision-Making Sourcebook (forecast- 
ing, statistics, and finances) and Scientific 
Calculator Sourcebook cost $6.95. 


Formulas and programs 


Some of our Calcu-puzzles, including sev- 
eral with solutions this month, create 
messy algebraic formulas. | find it conve- 
nient to use one of the Sharp calculators 
that provide for direct formula entry. You 
test each guess with a simple touch of the 
COMP (for compute) key. The EL-5103 (pho- 
to) has that key, plus such additional fea- 


tures as 48-step programmability, contin- 
uous memory, rolling display and play- 
back, and a computerlike cursor for easy 
corrections. Sharp Electronics Corp., 10 
Keystone PI., Paramus, N.J. 07652. 
Engineers, students, and shop people 
who use HP-67 and 97 calculators may 
want to know about 160 programs that a 
fellow reader has developed. They're 
nicely reproduced, detailed, and docu- 
mented—and they come with pro- 
grammed magnetic cards. They're $4.50 
each. Send $1 (refundable with first order) 
for a descriptive list to Allan T. Seidcheck 
(Box 896, Pahoa, Hawaii 96778). us 


ct! Commodore VIC-20...The Friendly Computer. 


"The first honest-to-goodness full color computer 
you can buy for only $299.95” - William Shatner 


Complete Line of Hardware and Software z A computer like this would have been 
Available to Expand your VIC-20 Personal Computer Comparison Chart science fiction a few years ago. Now it's 

a reality. It’s the new VIC-20 by Com- 
modore, a full fledged expandable color 
computer that costs little more than 
video games. And it's so easy to use 
you can be writing your first program in 
15 minutes! 


Everybody loves video games and the 
Commodore VIC-20 has some of the 
best. But the VIC-20 can also help 

Shack children with their homework. Mom can 
use it for home budgeting. Dad can even 
take the lightweight, portable VIC-20 to 
the office for financial and business ap- 
plication. 

The Friendly Computer at a Friendly 
Price: At $299.95 the Commodore VIC-20 
RECREATIONAL GAME CARTRIDGES: 256 is the friendliest way we know to learn 


VIC AVENGERS © SUPERSLOT « VIC SUPER ALIEN * "Manufacturers suggested retail price September 1. 1981 computing. It has a full computer key- 
SUPER LANDER / $29.95 each board even a small child can operate. 


COMPUTER PROGRAM TAPES: The VIC-20 also plays music, has exciting graphics, lets you create 
(Requires Commodore Datassette) pictures. It even tells you when you've made a mistake and how 
Recreation Program Pack A — Car Chase; VIC-21; Blue to correct it. (That's very friendly!) 


Meanies from Outer Space; Biorhythm/Compatibility; 
Spacemath; Slither/Super Slither. / $59.95 The VIC-20 can take your children from preschool through 
post-graduate studies. 


Home Calculation Program Pack A — Personal 
Why get just another game that 


Finance | - Home budget; Personal Finance Il - Home budget: 
r- r r for homi Expen: 

Moli A exponen R scr qr could end up in the closet? Get an 

Mortgage Calculator - Decision-making aid; Home Inventory honest-to-goodness computer for 

Home belongings list / $59.95 just $299.95. 

rammabl i 

Sere ee Free with every VIC-20 computer 

programmable characters and use them in BASIC é This 164 page guide tells you ev- 

programs, / $14.95 = erything you need to know about 

your VIC-20 and how to operate it. 

Written for the beginner, you'll be pro- 

gramming on your VIC-20 in minutes! 


VIC-20 — Commodore's revolutionary personal computer puter 
features color, sound, graphics, programmable function keys, 
built-in BASIC, expandable memory, low-priced peripherals and 
more! Connects to any TV or monitor. Includes RF Modulator, 
switchbox, cables and self-teaching instruction book. / $299.95 
(See coupon below) 

Commodore Datassette — Provides handy economical 
storage of user-written or pre-recorded programs. / $75.00 

VIC Graphic Printer — Economical dot matrix printer makes 
paper copies of BASIC programs, letters, business data. / 
$395.00 

VIC-3K Memory Expander Cartridge / $39.95 

VIC-8K Memory Expander Cartridge / $59.95 

VIC-20 Super Expander — 3K RAM memory expansion, high 
resolution graphics plotting, color, and sound commands. / 
569.95 

Programmers Aid Cartridge — More than 20 new BASIC 
commands help new and experienced programmers. / $59.95 


Introduction to BASIC Programming — 
^ gentle but thorough introduction to BASIC 
programming. Excellent first book for any 
new computerist. / $24.95 


VIC-20 Programmers Reference 
Guide — Master VIC-20 reference 
manual includes information 
on VIC BASIC, programming 
and much more, /$16,95 


Order now. We'll ship your new VIC-20 computer 
directly to you. 15 day free trial. 


Contemporary Marketing, Inc. 
790 Maple Lane, Bensenville, IL 60106 
Faster Service for Credit Card Customers 


Call Toll Free 800-648-5600 (n Nevada call: 


24 hours a day 800-992-5710) 


To order accessories. 
simply list on separate 
sheet and clip to 
coupon. 


1 


Cz commodore 


LLL LL I LLL LLILLIT 
Yes, | want to start using the new VIC-20 BM 
personal computer right away. 

Please send me: 

Commodore VIC-20 computer(s) at $299.95 each. 
(Item No. 2000). Add $4.95 per computer for shipping and insurance. 


Illinois residents include 5%% sales tax. 
C Check/M.O. Enclosed L Charge my credit card: 
C MasterCard [] Visa C] American Express L] Diners Club 


Card No. e Exp. Date. 
Name - 
Address. E = 
City NN State. Zip 
Signature 


Contemporary Marketing, Inc. 
PSMF-001 790 Maple Lane, Bensenville, IL 60106 *.CMI1982-263 [| 


diesel 


points to new 
auto technology 


This 200-mph laboratory 
is answering questions 
for future production cars 


By JAN P. NORBYE 


One surprise after another awaited 
me as I shoehorned myself into the 
tiny streamliner. 

First was the slow response: Al- 
though capable of 200-- mph, the car's 
top-speed-oriented gearing produced 
only nonchalant acceleration. Then 
there was the engine noise: I'd expect- 
ed something like an Indy car's 
scream; I found a steady drone like the 
big, slow-turning diesels used on fer- 
ryboats. But the biggest surprise was 
the fuel economy: At 90 mph, 71.2 
mpg; at 160 mph, 38.5 mpg; and at 215 
mph, 17.3 mpg. 

I was at Volkswagen's proving 
grounds, where I was given an oppor- 
tunity to drive its record-setting re- 
search vehicle, ARVW (aerodynamic 
research Volkswagen), and to talk:to 
the engineers who built it. Research 
director Ulrich Seiffert began the 
project to gain experience that 


couldn't be obtained with a less radi- 
cal vehicle. He wanted to learn how to 
increase fuel economy through aero- 
dynamic improvements, how to cool 
highly stressed engines with mini- 
mum energy loss, and then how to 
quickly better production and future 
cars from the lessons learned. 

Because of this philosophy, VW 
decided to use a maximum of produc- 
tion parts. The engine, for example, 
taken from the Europe-only LT truck, 
is a 2.4-liter (146 cu. in.) six-cylinder 
version of the Rabbit engine. But its 
output has been more than doubled, to 
175 hp, by adding a turbocharger with 
a high boost and an intercooler. 

Intercoolers, which are used on 
trucks and cars, are generally air-to- 
air heat exchangers (although there 
are some water-cooled units). ARVW's 
intercooler, however, sprays water di- 
rectly into the incoming air—to cool it 
so the cylinders get a denser charge. 
This technique is relatively inexpen- 
sive and could soon be used on produc- 
tion cars. 

ARVW's four-speed transaxle is a 
production unit from an Audi 5000, 
with some minor modifications to cope 


Flip-up canopy of record-holding ARVW 
(left) covers a tight-fitting cockpit, which is 
just ahead of the turbocharged six-cylin- 
der diesel engine (above). 


with the increased power. Chain drive 
is used to transmit power to the 
wheels. The car’s slender shape ruled 
out drive shafts, which would have to 
be so short that suspension movement 
would cause excessive angular deflec- 
tion. The chain drive is unaffected 
because the suspension pivots about 
the drive sprockets’ axis. The dimen- 
sions also preclude production VW 
suspension, so the front has A-arms 
and torsion bars; the rear, trailing 
arms and coil springs. 

The ARVW's slippery shape and low 
0.15 drag coefficient are products of 
VW's Wolfsburg wind tunnel. The 
body is mainly thin sheet aluminum, 
with a plastic nose and a Plexiglas 
windshield. A 34-gal. fuel tank is built 
into the left side, with a 25-gal. water 
tank for the intercooler on the right. 
The engine is mounted behind you. 

What was it like to drive this labo- 
ratory on wheels? Sitting with my 
eyes just 30 in. above the road, distant. 
objects were unidentifiable, even at 
low speeds. When really moving, any- 
thing not straight ahead was a blur. 

Theride was harsh, but the seat was 
comfortable. The controls all took 
more muscle than I had expected, and 
I had to plan my course well ahead— 
the narrow body allows only five 
degrees of steering movement. 

While the ARVW isn't the fastest 
diesel in the world, it does hold six 
class speed records, plus outright 
records for 500 km from a standing 
start (214.4 mph average) and for one- 
hour endurance (219.5 mph average). 
The records are only incidental, how- 
ever; the real importance ofthe project 
is the wealth of knowledge gained 
about aerodynamics vs. fuel economy, 
and about turbodiesel thermodynam- 
ics. That knowledge is being put to use 
to improve present and future cars, 
and that is the payoff. 


Buy Tools DIRECT 


at Rock-Bottom Prices! 


STANLEY 


«S» D 


DISSTON 
Crescent 


6,000 


NAME BRAND ITEMS 


Buy direct from U.S. General's catalog and enjoy 
ROCK-BOTTOM prices on hand tools, power tools, 
automotive tools, motors, handyman supplies— 
6,000 nationally advertised name brand items at OFF 
prices. Save on all the famous names you know and 
trust—Stanley, Wiss, Proto, Skil, Crescent, Lufkin, 
Rockwell, Black & Decker, plus many, many more. 

Thousands of serious minded craftsmen, mechan- 
ics, homeowners and hobbyists each send us $1.00 
just to get this big 196-page catalog of fantastic buys 
on brand name tools, hardware, and accessories. 


Our bargains are too great and our prices too low 
for us to give away this big catalog to people who 
aren't really interested. So we ask for $1 simply to 
discourage curiosity seekers. 


But the way we look at it, the Catalog is REALLY 
FREE! We'll send you a Special $1 Discount Check. 
Spend the Check just like money on any order and 
get your $1 back. OR if you're not 100% satisfied 
with the catalog, just return the back cover which has 
your name and address on it and we'll refund your 
dollar immediately—(you keep the catalog). 

As an extra "thank you" for acting now, you'll also 
receive with your first order no matter how small—a 
10-piece High Test Steel Drill Bit Set (worth about 
$4.00) absolutely FREE. 


U.S. General Supply Corp., 100 Commercial Street, 
Plainview, N.Y. 11803 
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Thousands of individuals and companies. Here's a partial 
list of firms from our last 6 to 9 months customer list: 
General Electric * IBM * Procter & Gamble 
E.I. Dupont * Honeywell e Union Carbide e RCA 
General Motors * Westinghouse * Mobil Oil 
Goodyear * GTE Sylvania * Burroughs «e NBC 
Dow Chemical + General Foods * Corning 
Kodak * Bristol Meyers * Standard Oil 


Same low prices for you-- 
no minimum order required! 
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U.S. General Supply Corp. Dept. A-20 
100 Commercial Street 
Plainview, N.Y. 11803 


l'enclose $1. Please send your new 196 page fully illustrated 
Tool & Hardware Catalog with Rock-Bottom prices. Also send 
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immediately refunded. 
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Easy does it with 
T, 


Operates 

on any 
110 Volt 
AC-60 Cycle 
Outlet. 


Model ET-50 
ELECTRIC 


STAPLE GUN d 


It's TRIGGER-FAST! 
Just plug in... and SHOOT! 


Its easy squeeze, trigger-fast operation makes 
the lightweight compact ET-50 Electro-Matic the 
homemaker's ideal all-around fastening tool! 
She'll breeze effortlessly through scores of light 
decorating and repair chores . . . like covering a 
valance, lining a closet, trimming a kitchen shelf 
or mending a torn screen! 

Yet it packs the staple driving power to penetrate 
hard woods! Perfect for those man-sized jobs like 
installing ceiling tile, insulation and weatherstrip- 
ping! Features on/off safety lock, one-piece solid 
Steel base. Uses 6 staple sizes: 1/4”, 5/16", 3/8", 
1/2", 9/16" and Ceiltile. 


Available at All Leading Hardware, Home Center 
& Discount Department Stores Everywhere. 


Arrow Fastener Company, Inc. 
271 Mayhill Street, Saddle Brook, N. J. 07662 
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1982 VW's 


take a Quantum leap 


When Volkswagen first came to 
America it sold only small, fuel-effi- 
cient cars. In recent years the firm 
introduced larger and plusher vehi- 
cles. But even the bigger VW's gave 
good fuel economy. 

The '82 VW's are the most fuel-effi- 
cient models yet. Every new VW with 
a manual transmission has the firm's 
upshift indicator light, which tells you 
when to shift to a higher gear for a big 
economy increase with no loss of 
engine pulling power. 

The big news for '82, however, is the 
introduction of two new cars—Quan- 
tum and Scirocco. They're somewhat 
larger and plusher than their prede- 
cessors, yet give better fuel economy. 

VW's sporty Scirocco (top photo) has 
an all-new body that is longer and 
more rounded than the original, with 
a 10 percent reduction in aerodynamic 
drag. The extra length incorporates 
more "crush" area in front and rear, 
and allows more room inside. Aerody- 
namic tweaks include an integral 
front spoiler, recessed rain gutters, 
and a unique spoiler running across 
the lower rear-window glass. 

Replacing Dasher as VW's flagship 


is Quantum, the largest and- VW 
claims—most technologically ad- 
vanced Volkswagen ever. There will 
be a four-door station wagon (lower 
photo), a two-door coupe, and a four- 
door sedan (available in the spring). 

Although Quantum is bigger inside 
and out than Dasher, careful 
materials selection and computer- 
aided design kept it close to Dasher's 
weight. Painstaking aerodynamic 
honing paid off in very low drag coef- 
ficients, such as the coupe's 0.39 rat- 
ing, equal to the new Scirocco's. 

The rear suspension has a "track- 
correcting" torsion-beam axle, which 
is mounted in special metal-and-rub- 
ber pivot bushings to control undesir- 
able rear-wheel steering in hard cor- 
nering. The system seems to work 
well, as I found while driving through 
Pennsylvania's Pocono Mountains. 

Other VW changes include refine- 
ments to the Rabbit, Pickup, and 
Vanagon, as well as a diesel Vanagon 
(see "Recreation Roundup," this is- 
sue). We've tested the '82 Rabbit Die- 
sel for the February issue and will 
have full tests of Quantum and Sciroc- 
co in the future.—Ed Jacobs 


YOUR PRESENT STORM WINDOWS 
ARE NOT ENOUGH!!! 


TORLITE Can Double or Triple Insulate Windows 
SAVE MONEY ON HEATING C 


One Torlite kit can cover over 160 square feet of window area. This means 
you can stop heat LOSS and PREVENT cold air infiltration from ten average 
size home windows. With an energy savings that may equal ten times the 
Cost of one kit. 
The Torlite window system has been used exclusively by industry both 
here and abroad for many years. Now limited supplies are available for 
public and private use. The Torlite window system installs in five minutes, 
using no nailing strips, screws or tools. Torlite is a totally new 100% opti- 
cally clear and tough film with no cloudiness or haze. 
Even should you have storm windows, you can form another insulation bar- 
rier against heat LOSS and SEAL OUT cold air infiltration. The Torlite win- 
dow system creates an insulating pocket of air inside your window area by 
keeping cold air OUT and keeping IN your heated room atmosphere. 
Any type window, be it casement, bow, jalousie, steel, aluminum, wood can 
be made 100% air tight. Trailers, factories, farms, apartment buildings, 
churches, hospitals, schools, motels and virtually every business can use 
this system to realize substantial energy savings. 
No other window kit available on the market today offers the amount of window coverage and energy savings of 
the Torlite system. 
* Torlite is 100% optically CLEAR. You don't even know it's on your window. 
* We have developed an exclusive acrylic polypropylene fastening system that allows the Torlite 
film to fasten to the inside window frame, molding or wall. 
No tedious measuring or cutting to exact dimensions. All excess is trimmed after Torlite film 
has been installed. 
Designed for use on the inside. No climbing ladders or difficult outside installation unless you 
want to. 
Can be taken down, stored and reused for next year. 
* The Torlite system offers the same cost saving benefits for saving on your air conditioning 
costs. 
* The sun's ultraviolet rays have a minimal effect on the Torlite film. 
The Torlite comes packaged on a roll, not folded or creased, so you are assured of receiving a 
quality product. 
Torlite film is a Giant 50 inches wide by over forty feet long. For a total of 160 square feet for 
one kit. 108 feet of fastening system is included plus complete instructions and pictures show- 
ing step-by-step installation. Reorder forms are included for fast and easy ordering. TWO kits - 
one roll 50 inches wide by 80 feet long. THREE kits - 50 inches wide by 120 feet long. 


You can test Torlite in your own This offer is made direct from 
home without risk. Trial test any the manufacturer. The 
two windows in your home. Com- Torlite material is not 
pare the temperature and overall available to the public thru 
comfort. Should you feel that our any retail outlet or store. We 
system does not perform and you regret that we are unable to 
are convinced that it is not every accept credit cards or 
bit as effective as we say, return telephone orders. 
the unused portion for a com- 
plete refund LESS POSTAGE. 
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Durable, strong, 
high tensile strength 


ONE COMPLETE 
KIT FOR A LOW 


+ Postage 


Fits any size, 
shape window 


Easy as a zipper 
to open for access 


GUARANTEE 


SHOULD YOU NOT BE COMPLETE- 
LY SATISFIED, RETURN UNUSED 
PORTION WITHIN 15 DAYS FOR 
FULL REFUND, LESS POSTAGE 
AND HANDLING 


Supplies are limited. 
So please don’t delay. 


| 470 Easton Rd., Horsham, PA 19044 


Please rush me kits complete with easy instructions at the low price $14.95 PLUS $1.50 

POSTAGE for ONE kit that contains 160 square feet. TWO KITS 320 square feet for $28.00 PLUS $1.95 
[| POSTAGE. A savings of $1.90 if purchased separately. THREE KITS 480 square feet for $41.95 PLUS 

$2.25 POSTAGE. A savings of $2.90 if purchased separately. TOTAL ENCLOSED... CHECK or 
| MONEY ORDER ONLY. 
| NOC.0.0"'s PLEASE 


| NAME 
| Aopress 


[city STATE ZIP CODE 


| Orders to CANADA - check or money order must be made payable in U.S. DOLLARS 
and $1.00 MUST BE ADDED TO COVER POSTAGE. 


All shipments made UPS unless other instructions given. 
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"SAY, SMOKEY—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


ls all antifreeze the same? 


Are all brands of antifreeze, such as Dow, 
Prestone, and Mopar, the same? | ask 
because of a statement | read in the own- 
er's manual for my 1980 Dodge Aspen. It 
says to use only Mopar antifreeze, that 
other brands could cause damage to the 
cooling-system components. 

I traded in a six-cylinder Dodge Dart | 
bought new in 1971. The only major 
repairs | had after 84,000 miles were a bad 
water pump and a corroded aluminum 
heater core that had to be replaced. Every 
two years | drained and flushed the cool- 
ing system and renewed the coolant, 
using either Prestone or Dow. 

| figure the bad water pump was nor- 
mal. But was the corroded aluminum 
heater core caused by not using Mopar 
antifreeze? 

R. Evans, Gettysburg, Pa. 


Brand-name antifreeze products are 
good, and are pretty much the same. The 
corroded aluminum heater core was prob- 
ably the result of the chemical reaction 
and electrolysis that occurs when water 
circulates through dissimilar metals (iron 
and aluminum). 


Misfiring engine 

| have a 1980 four-cylinder manual-trans- 
mission Citation. The engine misses at all 
speeds and all gears, and it has done this 
since it was new. | have taken it to dealers 
nine times. One spark-plug wire was 
replaced. The carb was removed twice: 
Float level was raised, plugs were 
removed from the carb, and it was adjust- 
ed to spec. 

The area service manager advised me 
to replace the EGR valve. This was done, 
but it didn't help. | removed the EGR hose 
and plugged it. That solved the problem. 
Replacing the hose caused the miss and 
surge to return. | have been advised by 
GM engineers that this is a normal condi- 
tion, but that it's been corrected in ‘81 
computer-controlled models. Surely this 
condition can be corrected on my car, 
too. 

Homer Bowers, Lake Placid, Fla. 


There is no easy fix. It must be checked 
and adjusted by the numbers. This rules 
out amateurs. The problem is probably 
caused by too much EGR, which prevents 
the mixture from firing. 


Overheating when towing 


| have an overheating problem with my 
360-cu.-in. ‘79 Jeep Cherokee when pull- 
ing a 3,500-pound travel trailer. This Jeep, 


according to specifications, is equipped to 
pull a 5,500-pound trailer. 

The first time the overheating occurred, 
| blew three pistons on the left bank. Jeep 
put in a new short block, but this didn't 
solve the problem. 

Sometimes | can pull all day with nor- 
mal temperature showing on the gauge. 
Other times | cannot. This happens with 
the air conditioning on or off, at approxi- 
mately the same ambient temperatures. 

When overheating occurs, | turn on the 
heater for about five to 10 minutes and the 
engine temperature goes back to normal. | 
have driven all day in 90-degree tempera- 
tures and not had a heating problem. Oth- 
er times it might overheat two or three 
times a day. 

The dealer and field people have been 
working on this problem for about two 
years, and they shake their heads. They 
cleaned the radiator, replaced the cap, 
pressure-flushed the block and heads, 
installed a seven-blade solid fan, checked 
the water pump, replaced four or five ther- 
mostats, replaced top and bottom radiator 
hoses, and checked the temperature 
gauge. 

| have added a transmission cooler and 
temperature gauge. The transmission 
gauge never has read over 200 degrees— 
usually about 170-180 degrees with the 
trailer in tow. 

Wendell A. Spiller, Columbus, Ohio 


I believe you never get a full heater, and 
this makes and breaks air pockets, some- 
times leading to overheating. Test-drain 
the block and radiator to see if you can get 
the amount of coolant out that the specs 
say the cooling system holds. I'll bet you 
can't. 

If that turns out to be the case, fill the 
system with a correct mix of antifreeze 
and water. Don't stop until you've got the 
specified amount of coolant in there—this 
may require some patience. You may 
haveto loosen the upper hose to bleed the 
air out of the system. Also, wait for the air 
pockets to work themselves out through 
the top of the open radiator so the coolant 
level will drop accordingly, allowing more 
coolant to be added. 


Points don't last 


My 1970 Toyota Corona refused to start. ! 
took it to a shop, and the mechanic 
replaced the points and condenser and 
did a tuneup. The car ran fine for about 
three weeks, then the same thing hap- 
pened. 

Back at the shop new points and con- 
denser were again installed. The car ran 
fine for another few weeks, then quit 


again. So far | have replaced the points 
and condenser six times. Coil wires, igni- 
tion switch, rotor, and distributor cap all 
were replaced—and the distributor was 
rebuilt. 

There is strong spark from the coil to 
ground, but weak spark from the plug wire 
to ground. What do you think could be 
wrong? 

|. J. Frates, North Highlands, Calif. 


There are a few possibilities: bad ground, 
incorrect primary-coil voltage (too high or 
too low), reversed coil polarity, or the 
presence of oil or moisture at the points. 
Have these checked out, and you'll proba- 
bly find the culprit. 


Vibrating pedals 


My 1981 Chevette has a high-frequency 
vibration, felt mainly in the clutch pedal 
when shifting gears at speeds above 3,000 
rpm. The accelerator pedal also vibrates. 
And when shifting, the pedals feel like 
roller skates on rough concrete. 

The vibration has been there from the 
start (1,600 miles now). Neither the dealer 
service department nor the area service 
manager seems to know what is causing 
it. | am worried that engine or transmis- 
sion damage may result. 

Jack E. Gregg 
Clearwater, Fla. 


It's hard to say what the cause might be. 
There are several possibilities, such as an 
imbalance in the engine, flywheel-clutch, 
drive-shaft, or wheel-tire assemblies. 
Check the air conditioner, alternator, and 
exhaust systems—in that order. 


Accelerated brake wear 


| own a 1977 gas-powered VW Rabbit. It 
uses a lot of oil, but my main problem has 
been front brakes. The car eats them. I've 
had to replace the brake pads and had 
the rotors turned twice, after less than 
6,000 miles. The dealer's comment was, 
"Something's stuck.” 

Can anything be done? | like the Rab- 
bit's handling, ride, layout, and pep, but 
I'm beginning to think the only cure for my 
problem is a fast trip to the junkyard—fol- 
lowed by a good stiff dose of Toyota. 

William Murmann 
Cleveland, Ohio 


Very fast disc-brake lining wear when 
used on a good rotor is due to incomplete 
retraction of the brake pads. The calipers 
or pistons are sticking. A caliper has to 
float to compensate for wear. The master 
cylinder controls pressure release. Incom- 
plete release means that the brakes are 
always partially on, which accelerates 
wear. 


Each month, Smokey Yunick answers 
questions on cars—family cars, high-per- 
formance models, and racing vehicles. 
Got a problem? Send it to: "Say, Smok- 
ey—"', Popular Science, 380 Madison Ave., 
New York, N.Y. 10017. Smokey reads all 
letters, answering those he feels are of 
widest interest. Due to the large volume of 
mail, Smokey cannot reply to letters that 
are not answered in his column. 


Sports Truck 


“retail mice! Fuckage includes special 
exterior thitn and Speed overdrive. Super-siylaish 
interior. Aus the bert mileage ratings ofthe 
top-aclling imports Nobody beats Ford Courier value / 


Its the compact deal of the year! When you buy a Ford Courier with spe- 
cial XLT/5 Sport Package, including 5-speed overdrive — you get $350 
off!* The package includes cut-pile carpet, deluxe wheel covers, tempera- 
ture gauge, ammeter. Moldings and appearance extras on the outside, 
color-keyed styling and trim inside ...woodtone and chrome for rich look. 

And remember, Courier one tough truck: ladder-type frame, power 
brakes, 1400-Ib. payload. Fun to drive — more fun when you save $350! 
See your Ford Dealer. 


Ford with 2.0L engine and optional 5-speed. Compare 
this estimate to the estimated mpg of other trucks. 
Your mileage may vary depending on speed, distance 
weather. Actual highway mileage will probably 

be less. California estimates lower. Diesels excluded. 
Discount is based on manufacturers suggested retall 
price for the package compared to traditional sug- 

gested pricing for the options purchased separately. 


Courier XLT/5 — 


5-speed transmission 
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Popular 


S ence 


About 10 years ago POPULAR Science pub- 
lished an article on an exotic integrated 
circuit called the charge-coupled device. 
At the time, it was billed primarily as a 
new kind of picture element, the main use 
for which would be as an imaging tube in 
a TV camera. Since charge-coupled de- 
vices are small and light, we envisioned 
them as being of particular importance in 
making portable video cameras for home 
use. 

We couldn't have been more wrong. 
Oh, they'll certainly become important in 
small TV cameras. Butthey're destined for 
a far more significant role. 

For years now, we've all been amazed 
by what computers can do. But comput- 
ers, for all their number-crunching ability, 
have had a serious flaw. They can't see. 
Now, with charge-coupled devices, they 
can. 

Unlike a standard TV camera, a charge- 
coupled device has thousands of tiny pic- 
ture elements permanently located on its 
face. Each of these tiny sections generates 
part of the total picture. If that picture is 
analyzed by a computer, the computer can 
locate items shown in the picture with 
great precision. 

This advance has enormous implica- 
tions. The use of industrial robots has 
been growing rapidly in many manufac- 
turing industries, but they have been con- 
fined to repetitive movements. If a robot 
tried to pick up a nut but the nut wasn't in 
the right place, it simply scooped up air 
from where the nut was supposed to be 
and blindly tried to screw it onto the place 
where its memory said a bolt should be. 

Computers with eyes could be far more 
versatile. They could look into a box of 
parts, pick out the nut, align it properly, 
and screw it on a bolt—even if the bolt isn't 
in the right place. These seeing, working 
computers are already beginning to show 
up in dozens of industrial plants. They're 
controlling paper mills and aligning parts 
in automobile production. The eventual 
impact on the world's entire industrial 
production facilities can hardly be overes- 
timated. 

From the moment we began working on 
this article, we realized that it was of tre- 
mendous significance and might well be a 
cover candidate. But what could we put on 
the cover? The chip itself looks pretty 
much like any other chip; it's a nearly fea- 
tureless rectangle of dark silicon sur- 
rounded by a metallic frame. Not much 


potential for a dramatic cover photo there. 
So we decided to symbolize the concept. 
Art Director Dave Houser and Staff Pho- 
tographer John Keating got a metallized 
head and spent several days in the studio 
lighting and photographing it. They also 
photographed the chip, and finally had an 
assembler put the whole thing together as 
you see it now. John Free’s article, which 
starts on page 61, gives the full details on 
this dramatic new development. 


Rovac update 


Ten years ago PoPuLAR Science published 
an article about a revolutionary new air 
conditioner that used not Freon but air as 
a refrigerant. It was developed by an 
inventor named Tom Edwards, and called 
Rovac. The idea has always intrigued PoP- 
ULAR Science readers. We've received 
thousands of letters over the years asking 
whatever happened to Rovac. 

Thus we were delighted to get a phone 
call from Dr. Edwards recently saying that 
two Rovac-equipped cars were being 
shipped to Japan for evaluation. Al Linds- 
ley, who had written our previous Rovac 
stories, was dispatched to Florida to learn 
about the new developments. 

What he found is that Rovac has under- 
gone a change. The automotive model no 
longer uses air as a refrigerant. Instead, it 
uses a non-toxic, non-polluting refriger- 
ant called isoamylene. It works at low 
pressure, so such an air conditioner is less 
likely to lose refrigerant. If it does, you can 
remove a plug and pour some in, just as 
you do with brake fluid. And, of course, it 
does not present the hazard of destroying 
the Earth's ozone layer, as does Freon. 

But what happened to the machine that 
used air as a refrigerant and so triggered 
the imagination of PoPULAR Science read- 
ers? One big problem with it has always 
been noise. Another: It is not as efficient 
as a regular Freon machine or the new 
Rovac device. Thus, as automobile en- 
gines got smaller and had less reserve 
power to spare for air conditioners, the 
old Rovac machines began to show up ata 
disadvantage. But it's not dead. Dr. 
Edwards tells us that he is continuing to 
work toward using it in military planes. 


What's your experience? 


A recent issue of Smithsonian magazine 
contained an article implying that a lot of 


people who install solar-energy devices or 
have them installed have so much trouble 
with them thatthey are generally unhappy 
aboutthe whole venture. A recent issue of 
The New York Times said much the same 
thing about people who installed small 
computers. The Times article was talking 
primarily about small-business users, not 
people who installed the computers in 
their homes. 

Still, these pieces got me thinking. Sure, 
a lot of things can go wrong with new 
technology of any kind—particularly 
something as complex as a computer. But 
| can't believe that the majority of POPULAR 
Science readers would have had so much 
trouble with their solar-energy equipment 
and their computers—and not have been 
able to do anything about it-that they 
could have become disillusioned with the 
entire project. So | would like to conduct 
an informal survey. If you have installed 
either solar equipment or a computer, 
would you please write me a letter? Tell 
me whether you have been generally hap- 
py with it, or whether it has been such a 
problem that you wish you had never got 
involved in the first place. I'll report on 
your reactions in a future issue. 


Short takes 


€ The world's fastest train [PS, May 
'81] has gone into operation between Par- 
is and Lyons. The initial high-speed trip 
across the French countryside took two 
hours, 32 minutes—an hour and 12 
minutes faster than regular express train 
service and even faster than a plane when 
travel time to the airport is considered. 
Maximum speed was 156 miles an hour. 

** More than 60 companies have now 
signaled their intentions to enter the 
home information-service business, sup- 
plying everything from automatic banking 
to ball scores [PS, Jan. '81] to people with 
home terminals or computers. One ana- 
lytical firm predicts that the market for 
home information systems will top $20 
billion a year by 1990. 


ne 
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Return to 
Saturn 


-dramatic climax to the 
era of space spectaculars 


Surprising new data leave riddles 
unsolved. But there will be no more 
visits for a long time to come 


By JIM SCHEFTER 


The cameras held the exotic scenes ahead firmly in their 
fields of view. For months the images had trickled ac 
the solar system, appearing one after the other on glowing 
screens here at the Jet Propulsion Laboratory. In a famil- 
iar scene from earlier flybys, eager scientist 
waited with an emotional edge. 

Continued 


Spectrum of color in the complex ring 
structure (above) suggests variations in 
chemical makeup. Multiple bands and 
zones emerge from haze of Saturn's 
clouds in filtered photo (above right). 
Closer look (right) reveals violent weath- 
er, including whirlpool-like spots and 
ribbons marking high-speed jet streams. 
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The next waypoint on an incredible exploration was 
nearing. Four years after Earth departure, the Voyager 2 
spacecraft crossed the frontier of Saturn. Images flooded 
in from the distant reaches of space. Icy moons ballooned 
from pinpoints of light to reveal cracked and crystallized 
terrain. Methane smog shrouded another moon. Still 
another moon was oddly flattened, like a hockey puck. 

Dominating it all was the giant, pastel-yellow planet, 
banded with jet-stream clouds and surrounded by the most 
awesome mystery in our edge of the galaxy—a system of 
active, colorful, rippling rings. 

Voyager 2 reached its target in late summer of 1981. 
After its epic journey across the solar system, the craft 
missed its aiming point by just 41 miles and arrived 2.7 
seconds early. 

Only a few of the thousands of pictures got more than 
quick study. Most slipped into computer storage for later 
analysis. There would be plenty of time. 

For never far from the minds ofthe Voyager scientists, or 
ofthe veteran writers who have watched and reported year 
after year as the United States pushed back the boundaries 
of the unexplored solar system, was the knowledge that 
this was a finale. 

The first great epoch of planetary exploration by the 
human race—begun in 1964 with a Ranger craft photo- 
graphing our own moon and pursued in an unbroken string 
of years with American craft and American men visiting 
other planets and moons—would now end as Voyager 2 
grazed Saturn and sailed away toward the depths of space. 
It was an epoch that endured just 17 years. 

In the coming hiatus, Voyager’s encyclopedic flow of 
knowledge will be all that keeps the world’s premier plan- 
etology team from disappearing altogether. Years ahead, 
the remnants of that team will be resurrected briefly when 
this same spacecraft, veteran of Jupiter in 1980 and Saturn 
in 1981, will look at yet another planet, Uranus, in Janu- 
ary 1986. Until then, there will be no planetary visits. 

"We're all aware that it's coming to an end,” said a som- 
ber Brad Smith, imaging-team leader of this and previous 
Voyager missions. “I feel badly as both a scientist and an 
American.” 


Second time around 


But for everyone involved, the frustrations were tempo- 
rarily ignored as Voyager plummeted toward Saturn. 
Anticipation surged in the last hours before encounter. 
Said project scientist Edward Stone: “Today is the day of 
challenge. Everything we see today will be new.” 

Following a trail blazed less than a year earlier by Voy- 
ager 1 (PS, March’81], the craft looked at nine major moons 
and a handful of minor moons. It penetrated Saturn’s ring 
system, recording startling new images, tossing theories 
aside, and providing striking new data on ring composi- 
tion, thickness, and formation. 

Some conditions had changed. Moons moving in their 
orbits presented different faces to Voyager 2. Saturn, too, 
had tilted, so a higher angle illuminated the rings. The 
craft itself would pass 24,000 kilometers closer to Saturn’s 
turbulently racing cloud tops than did its sister ship. 

Last year’s encounter had raised puzzling questions 
about Saturn. Among them: What could explain the 1,000 
or more rings and ringlets spotted by Voyager 1? What 
mechanism accounts for the apparent braiding of the new- 
ly discovered F ring? And what causes the dark spokes 
sweeping around the B ring like shadowy ghosts? 

Voyager 2 was supposed to provide answers. Instead, it 
accentuated the old questions, raised new ones, and in gen- 
eral posed a far more humbling experience for scientists 
than they expected. 

“The answers are there,” Stone said, waving toward the 
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nearby video screen displaying a replay of earlier photos of 
Saturn's moons. "We finally understand enough to ask the 
right questions. We understand so much more than before 
and we do expect to get answers." 

But one expected answer didn't work out. After the sur- 
prising discovery of Saturn's multiple-ring structure, the 
Science team had worked out a theory of embedded moon- 
lets. Tiny satellites 15 to 50 kilometers in diameter could 
carve out furrows and sweep clear lanes in the rings, the 
scientists reasoned. Alas, it was not to be. 

As Voyager raced toward Saturn, its cameras recorded a 
lengthy "movie" of time-lapse photos that should have con- 
tained clear views of embedded moonlets. Smith's team 
was so confident that they'd solved the problem of multiple 
ringlets that they were clearly stunned when no moonlets 
could be found. 

Worse, Voyager 2 revealed even more ringlets than had 
been seen in 1980—thousands more. Photographic resolu- 
tion was so good that features just 10 kilometers across 
were seen. One feature that had appeared to Voyager 1 asa 
single ringlet now appeared to have 30 separate compo- 
nents. And the number of ringlets in the Cassini Division— 
an apparent gap in the rings once thought to be empty— 
grew from 35 seen by Voyager 1 to more than 100. 

"Now we're in the embarrassing position of not having a 
good backup hypothesis," Smith admitted. 

Nevertheless, some previously discarded theories were 
given new attention. One of them says that the rings and 
ringlets are the crests and troughs of waves rippling out- 
ward from Saturn. The lighter sectors seen on filtered and 
computer-enhanced photos are the troughs, where the 
rings are thinnest. There are two versions of the wave the- 
ory:astanding wave that is virtually unchanged over time, 
and a propagating wave with shifting crests and troughs. 
Scientists ultimately will compare Voyager 1 and 2 photos 
in an attempt to see if a propagating wave can be seen. 

Among other discoveries: 

© Enceladus stands out as the most exciting of Saturn’s 
moons. In geologic terms, it is an active place, though the 
most recent activity may have been as much as 100 million 
years ago. 

€ The braided F ring contains at least four, and maybe 
five, separate strands. Because Voyager 2 saw it from a 
different angle than Voyager 1, it is difficult to tell whether 
or not it remains braided. 

© A surprising new ring spotted in a gap within the A 
ring is strikingly similar to the F ring. That poses a prob- 
lem for the theorists who thought the F ring was shaped by 
the gravitational effects of shepherding satellites. The new 
ring has no visible shepherds. 

€ The flattened shape of the moon Hyperion was a total 
surprise. "We thought it would be just another intermedi- 
ate-size ice ball," Stone said. 

€ The dark spokes in the B ring that were first seen by 
Voyager 1 got close study this time. They are thought to be 
microscopic dust grains that rise up in a cloud when they 
become electrically charged. Such charging, said JPL cos- 
mologist Richard Terrile, can be caused by sunlight. 

© Saturnian weather showed increased activity be- 
tween 1980 and 1981. "We saw a lot more weather than we 
had expected," said Smith, including dozens of wavy jet 
streams that spawn storm cells in upper clouds. 

But the ice moon Enceladus was clearly the show-stop- 
per for Voyager 2. "It struck us like something we saw 
many moons ago," quipped geologist Laurence Soderblom, 
referring to a similar surface seen on Jupiter's moon Gan- 
ymede. "But, again, we underestimated everything." 

Project scientist Stone expects Enceladus to provide sig- 
nificant clues about all of Saturn's intermediate moons. 
"On each of them, history is frozen on the surface," Stone 


said. "But now on Enceladus, we can see five different 
regions, probably records of five episodes in its history." 

High-resolution photos of Enceladus show intersecting 
fracture lines, broad ice flows that bisect craters, and 
grooves and cracks indicating internal melting. In one 
image, of an ice flow beginning in a starfish pattern and 
obliterating much of a crater field, Smith saw something 
familiar. "It looks like the patterns we see on Earth from 
glacier flows," he said, "like an ice river moving downhill." 

Smith and Stone agreed that Enceladus suffers from the 
same kind of tidal stresses that make Jupiter's moon Io a 
volcanic world. Neighboring moons on either side pull 
Enceladus in opposite directions. It's like bending a piece of 
metal: Eventually the heat builds up—even in an ice 
world—and something cracks or melts. Signs of that crack- 
ing or melting are replete on Enceladus. 


Interplanetary trouble-shooting 


When Voyager trained its cameras on Enceladus for a 
final series of close-up images, near-disaster almost 
brought an abrupt end to its photography. As the ship 
streaked through a gap in Saturn's rings, its scan platform 
began to falter. The platform, which moves on two axes to 
point at desired targets, carries all of Voyager's imaging 
instruments: the wide- and narrow-angle cameras, infra- 
red detector, ultraviolet detector, and photopolarimeter. 
Seven other instruments on the craft were not affected. 

At the height of photo activity, the platform began to 
slow in its side-to-side movement. Wide-angle views of Sat- 
urn's rings appeared as planned, but, suddenly, narrow- 
angle images of Enceladus and other moons slipped from 
center screen. Some transmissions showed only black sky 
instead of icy moonscapes. With each new motion the plat- 
form became more sluggish. Finally, it stopped altogether. 

Inthe JPL control room, scientists and engineers worked 
feverishly to find the problem and to assess the loss. "The 
bulk of our observations is complete," said Stone. "It's a 
good thing that it didn't happen a few hours earlier." 

Had Voyager been struck by a rock or ice pellet as it 
crossed the rings? Probably not, according to imaging- 
team leader Smith. Anything hitting Voyager hard 
enough to penetrate its shell would have caused the ship to 
tiltor wobble. But no motion was detected. More likely, the 
experts hoped, some stray piece of material had floated free 
and jammed the gears. 

A similar problem had occurred with Voyager 1 several 
years ago. Controllers fixed the trouble then by putting the 
motor drive into its slowest mode, thus providing highest 
torque, and repeatedly sending commands to start the 
motor. Gradually the gears ground through the obstruc- 
tion and the platform resumed normal operation. 

The same procedure was tried this time—with mixed suc- 
cess. The drive worked again, but remained sporadically 
sluggish. Experts finally concluded that the platform's 
gears simply eroded excessively with time and use. But 
even then, they found a way to salvage the future. 

Calculations showed that the camera angle necessary to 
look back at Saturn was identical to that needed to view 
Uranus in 1986. Controllers gingerly moved the camera to 
that angle and stopped it. Soon Saturn reappeared on JPL’s 
screens and Stone declared the mission a success. 

For Voyager, the next stop is Uranus—174 billion kilo- 
meters, and many years, away. As Saturn receded, the 
impact of the winding down of the planetary program 
began to sink in among mission scientists. 

“Tve lived with this idea of the United States always 
getting planetary data every year," said JPL's Richard 
Terrile, who at age 30 has built his career on planetary 
missions. "We've visited 25 different worlds—real, exqui- 
site worlds. We've found ice worlds to rival Star Wars and 


Saturn's most active moon, Enceladus (top), is under constant 
strain from opposing gravitational tugs. Result: internal melt- 
ing that deforms crust. Some regions display huge impact 
craters; elsewhere, ice flows have smoothed the surface. Flat- 
tened Hyperion (above) wobbles on an unstable axis. Its bi- 
zarre shape and orientation point to a powerful collision. 


we've found a volcano world where the landscape changes 
every few years—right here in our own solar system." 

But there will be no new planetary encounters before 
this Voyager reaches Uranus, then goes on to Neptune in 
1989. Lack of executive vision in the late 1970's and the 
budget-cutting of the 1980's have guaranteed that void. 
Earlier in 1981, for the first time in U.S. space history, a 
planetary mission, the Solar Polar expedition, was can- 
celled after hardware was under construction. At best, it 
will be 1987 before another planet-bound ship can be 
launched, unless a scaled-down craft to inspect Halley's 
comet is approved. 

“I wonder if people understand the kind of catastrophic 
problems that are ahead: the loss of the team, the loss of 
knowledge," Terrile added. 

Equally concerned, Andrew Ingersoll of the California 
Institute of Technology looked up from his study of Jovian 
and Saturnian atmospheres and struck to the heart of the 
scientific and spiritual loss: "The world will be a somewhat 
dull and grim place if we stop posing these questions." 

But for planetary exploration, there is no question. The 
epoch is over. un: 
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-how computers extend athletic : 
performance to the bodys far limits 


Now man and machine 
join on the sports field 
to boost physical ouput 


By DANIEL RUBY 


TRABUCO CANYON, CALIF. 

“Explode.” 

The heavyset man yelled in my ear 
as I strained to jolt the bar upward. 
But it was much heavier near the top 
of its travel than it had been at first. I 
lost momentum. 

"Try again," he said disapprovingly. 
But my second bench press—and 
third—proved just as feeble. T 

A color graph appeared on the 
screen, displaying a shortage of foot- 
pounds where I'd need them most for 
heaving an iron ball. "You'll never 
make it as a shot-putter, my friend," 
said Gideon Ariel, a one-time Olympic 
shot-putter himself and inventor of 
the computerized weight machine 
that had just defeated me. 

Ariel's exercise machine, which is 
programmed to offer variable resis- 
tance to match the physical demands 
of the sport being trained for, is just 
one ofthe electronic devices he uses at 
the Coto Research Center to quantify 
the forces and stresses generated in 
athletics. Sophisticated computers, 
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digitizing pens and hardware, high- 
speed cameras, force plates, and infra- 
red detectors are the instruments that 
turn an already first-class sports com- 
plex (tennis courts, running track, 
gym, swimming pools, equestrian 
grounds) into the world's premier lab- 
oratory for the study of biomechan- 
ics—the science that relates the phys- 
ics of motion to human anatomy. 

The basis for Ariel's work is that old 
con man's truth: The hand is quicker 
thanthe eye. So are the feet, head, and 
every other part of an athlete's body. 
Only by slowing down the motion on 
film or videotape can anyone really 
tell what happens when a racket hits a 
ball or a foot meets a track. 


Thigh bone's connected . . . 


Of course, the use of film alone is 
nothing new to sport. What is new— 
and is becoming a powerful tool in rec- 
ognizing talent, training athletes, 
treating their injuries, and designing 
their equipment—is the use of comput- 
er technology to quantify the veloci- 
ties, accelerations, and angles gener- 
ated in athletic performance. 

“It’s basic physics,” Ariel said, using 
as an example his work with four-time 
Olympic discus champion Al Oerter. 
“We know that for the discus to go so 
far it must leave the hand at a certain 
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velocity and a certain angle. So we 
work backward. For the discus to have 
that velocity, then the hand must 
have that velocity. For that to happen, 
the forearm must be moving so, then 
the upper arm, the torso, and so on 
down to the feet. We created a comput- 
er model of the optimum throw and 
then tried to teach the athlete to do 
that.” 

At age 43, after working with Ariel, 
Oerter threw 27 feet farther than his 
best gold-medal performance. Now he 
is training for a comeback at the 1984 
Olympics. 

The interdependence of body parts 
is true of all sports. Ariel’s co- 
researcher at Coto, psychologist and 
tennis guru Vic Braden, uses the anal- 
ogy of a whip. “Power supply comes 
from efficiently transferring shock 
from one body segment to another and 
finally into the implement or ball.” Or 
as Ariel likes to say: “You can’t shoot a 
cannon from a canoe.” 

Ariel himself once shot cannons—or 
tried to. Competing for his native Isra- 
el in the 1960 and '64 Olympics, his 
best shot puts landed far short of the 
gold. But if he lacked natural ability 
with 16-pound shots, he had it to spare 
for work with computers. He came to 
the U.S. and received his doctorate in 
computer science, then set about ap- 


plying that knowledge to the pursuit 
of athletic excellence. 

At first it was work done on a shoe- 
string—and a time-sharing computer. 
Without a university connection or 
outside funding, his company, Com- 
puterized Biomechanical Analysis 
(Amherst, Mass.), sought contracts 
from equipment manufacturers, and 
he worked with athletes only as time 
and money allowed. 

Braden learned of Ariel's work at 
the time he was negotiating with a 
real-estate conglomerate to establish 
a tennis college at the lush Coto de 
Caza resort community 70 miles south 
of Los Angeles. 

“I had been doing high-speed cine- 
matography for years," Braden told 
me. "What I didn't have—and wanted 
desperately—was a way to quantify 
the forces. Gideon gave me that." The 
tennis school was established only 
after the owners agreed to finance a 
complete sports-research center. 

Since that time, a steady parade of 
champions—from Muhammed Ali to 
Spectacular Bid—has been digitized at 
the center. The basic procedure begins 
with the filming of an athlete's motion 
with several cameras from two or 
more angles. Then the films are 
projected—frame by frame—on a spe- 
cial Graf-Pen digitizing screen, on 
which relevant parts of the athlete's 
body are traced with a magnetic pen 
(photo, facing page). The information 
is then processed by Data General 
computers, which feed it back out as 
three-dimensional stick figures on a 
Magatek graphics terminal. 

The digitizing method is not unique 
to Ariel. His special contributions 
have been in the area of software— 
programing that smooths the digital 
signals and manipulates the data. 
"We built constraints into the pro- 
gram that tell the computer, if the 
ankle is here then the knee can't be 
over there," he told me. "Otherwise, 
we'd have heads detached from bodies 
and legs all over the screen." 

With just the position data fed from 
the digitizing screen, the computer is 
able to display the action in any orien- 
tation— front, side, or top view. It can 
plot velocity and acceleration along 
each axis. It can create graphs show- 
ingchanges in center of gravity or oth- 
er indicators. It can call up stored data 
to compare athletes. Or, supplied with 
new variables, it can calculate the 
effects of changes in technique. 

Digitizing from film is expensive 
and time-consuming, however. "The 
future is in real-time digitizing,” Ariel 
said. He is working with both video 
and infrared-sensing technologies to 
develop a system that can provide 

Continued 
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Digital stop-action tells the story 
VOLLEYBALL 
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SIDE VIEW 


Computer comparison of two 
volleyball spikes (top) shows that 
though the American player 
jumps higher, she hits the ball on 
its descent and is not fully extend- 
ed at impact. Japanese player got 
greater velocity. Three-axis repre- 
sentations of motion—tennis pro 
Tim Gullickson's backhand (bot- 
tom)—are generated by correlat- 
ing data digitized from any two 
camera angles. 
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BLACK STAR 


a 
Keep your eye on the ball, coaches say. 
But now they can follow exactly where 
eyes are focused with the fiber-optic cam- 
era in the recorder helmet Vic Braden is 
wearing (top left). Pipes strapped to his 
body help demonstrate the whipping 


instant analysis. So far, video lacks 
the necessary resolution. 

He has had more success with a 
device called Selspot, which uses 
infrared light-emitting diodes to give 
position information. Ariel showed me 
a golf club he has rigged up to use the 
system. A tangle of wires led to an 
array of LED’s lining the shaft and 
head of the club. Each diode puts out 
thousands of signals a second, which 
are picked up by two cameras and fed 
to a processing unit. Any golfer swing- 
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action of body segments. Gideon Ariel’s 
computerized weight machine (top right) 
uses hydraulic valves to provide variable 
resistances that match precise training 
needs of any sport. Above: Ariel views 
video display of Jimmy Connors’ serve. 


ing the club gets an immediate three- 
dimensional analysis of his swing. 
"It’s probably the world’s most ad- 
vanced system," Ariel said. "But there 
are problems. Reflections can create 
spurious data. It requires an external 
power supply. And those diodes can 
get hot, so if we use them on an ath- 
lete's body, they affect performance." 
Nevertheless, Ariel is impressed 
enough with the potential of the 
device that he developed the neces- 
sary programing for calibrating and 


processing the digital signals. Selec- 
tive Electronic, the Swedish company 
that markets Selspot, will use his soft- 
ware in selling the system to medical 
and industrial users. 


...to the hip bone 


While the fully electronic systems 
get further development, Ariel contin- 
ues his work with film. The center's 
most recent success came last year 
with the American women's volley- 
ball team, which had been losing con- 
sistently to the Japanese, Cubans, and 
others. The first step in improving the 
team was "spying" on the opponents— 
that is, filming them in competition. 
"There's no way they could hide their 
technique," Ariel said. "If they did, 
they'd lose anyway." 

By digitizing and analyzing the 
action, he was able to ascertain how 
best to time a spike, how to move lat- 
erally on the court, and other vital fac- 
tors. Then the team's coach used this 
information to teach the players, who 
actually trained at Coto. Result: an 
unbeaten record on a recent world 
tour. "Now other countries are filming 
us," Ariel said. 

Besides optimizing performance, 
Ariel's computers are used for: 

© Equipment design. "For years, 
sporting-goods manufacturers were in 
the dark ages," Braden told me. Now 
many are coming to Ariel for data. 
And he himself has designed running 
shoes, tennis balls, and other gear. 
Wilson Sporting Goods will market 
his revolutionary weight machine. 

* Talent recognition. Youngsters 
are tested for coordination, reflexes, 
and muscle development to determine 
which sport they will excel in. Early 
recognition of talent can lead to cham- 
pionship form, as Braden's coaching of 
a two-year-old named Tracy Austin 
later proved. 

* Non-sports applications. Ariel re- 
cently performed a study for a diaper 
manufacturer that showed that its 
product can cause knee injuries in 
babies. He has also worked on designs 
for better ketchup bottles and 
matches. And insurance companies 
often seek his services to verify 
claims. “We can tell in a few minutes 
if someone with a back injury is faking 
or not,” he said. 

Such work is certainly lucrative for 
the center, but the former athlete’s 
key interest remains athletic perfor- 
mance. I asked him if there is such a 
thing as a perfect athlete. “Oh sure,” 
he said. “In the explosive events par- 
ticularly there are limits. After that, 
something snaps. For anyone to do 
much better than the current records 
in the sprints, they'd need tendons 
made of steel, not protein.” [af 


New eyes for computers: | 


Amazing microcircuits are 
giving super-accurate 
skills to industry robots 


By JOHN FREE 


Ilooked into a microscope at the intri- 
cate silicon world of a microcomputer 
chip. A robot welding machine was 
about to bond hairlike wires to con- 
tacts on the dime-size, large-scale- 
integration (LSI) circuit. The field of 
view suddenly blurred as tiny arms, 
moving too fast to see, yanked wires 
into position. In seconds, dozens of 
pins were attached to the microcir- 
cuit. 

Tohuman eyes it was an astounding 
feat of speed and precision. But to 
computerized "eyes" now overseeing 
operations similar to the ones I 


chips that see 


observed in the semiconductor plant I 
was visiting, it was an effortless task. 
Often called charge-coupled devices 
(CCD's), these chips that see are a spe- 
cial type of semiconductor LSI circuit. 
Some have hundreds of thousands of 
light-sensitive elements called pixels 
(picture elements). 

Focus images on a CCD and each 
pixel provides an electronic signal 
proportional to the light intensity it 
receives. À computer can analyze the 
output of pixels, compare these sig- 
nals with perfect "images" in its mem- 
ory—say, the proper location of a wire 
before it's bonded—and make deci- 
sions and super-accurate measure- 
ments to within a few millionths of an 
inch. 

That kind of precision, coupled with 
other CCD properties, is catching the 

Continued 


Robot arm equipped with charge-cou- 
pled device (CCD) TV sensor displays 
blocks it "sees" on monitor. Texas 
Instruments used computerized robot 
to install blocks into holder (foreground). 
Above is hand-held RCA CCD package, a 
compact all-solid-state TV camera, and 
vidicon tube that CCD's can replace. 
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interest of people in industry, science, 
medicine, and the military. CCD's 
have been available for some time, but 
their complexity has limited manufac- 
turing yields and kept costs high. 

Now, with improved skills at mak- 
ing them, plus new technologies, CCD 
prices are coming down. Soon you'll 
see them as replacements for vidicon 
vacuum tubes in home color-TV cam- 
eras, or in filmless still-picture cam- 
eras such as Sony's Mavica [PS, Dec. 
'81]. CCD's are already used with 
microcomputers to automatically fo- 
cus some cameras [PS, Dec. '80]. 

Because of the way CCD's work (de- 
scribed shortly), non-imaging or 
"blind" versions of the chip perform 
remarkable tricks, too: as electronic 
filters, signal-delay lines, computer 
memories, and in more-complex sig- 
nal-processing tasks. RCA puts a CCD 
in its color TV's for sharper pictures; 
some hi-fi reverberation or echo de- 
vices have them. CCD-based ghost- 
eliminating circuits for TV are in the 
works, too. 


Eyes for robots 


But it's the phenomenal precision 
inherent in chips that see that fasci- 
nates people in industry. The vacuum- 
tube cameras that CCD's sometimes 
replace depend on an electron beam 
scanned across an image target to cre- 
ate a TV signal. That beam, easily 
deflected by external forces, isn't reli- 
able when accuracy is a must. 

By comparison, a CCD is self-scan- 
ning, with its precision permanently 
etched into its silicon structure. Be- 
sides their low power requirement, 
extraordinary sensitivity to light, 
long life (no filament to burn out), and 
ruggedness, CCD's send out signals in 
periodic "packets" of information that 
computers digest easily. 

Forthese reasons, CCD's are perfect 
for computerized robots. Industrial 
robots [PS, June '80] are expected to 
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have key roles in boosting production 
in most countries. Almost all of the 
assembly-line robots in use grope 
blindly under programmed com- 
mands. Newer models will have CCD 
eyes linked to computers for greater 
flexibility. 

Chips that see are already used to 
spot defects in rolls of paper, steel, and 
tin plating during manufacturing. 
They check the accuracy of manufac- 
tured parts. Production benefits are so 
significant that most firms using 
CCD's won't disclose to competitors 
that they are using them. General 
Electric (Syracuse, N.Y.) has simpli- 
fied the use of chips that see with com- 
plete industrial control systems. It 
also markets $1,400 to $3,500 tubeless 
TV cameras with a $1,200 digital 
adapter for computers. 

In medicine, CCD's and computers 
can analyze cell, X-ray, fluoroscopic, 
and other images. Astronomers take 
advantage of the CCD's excellent sen- 
sitivity to light—up to 80 times that of 
film—to capture faint images of stars 
and galaxies. One astronomer, for 
example, recorded light from a galaxy 
so dim that it was nearly invisible 
against the light of a nighttime sky. 
Then, since the image was also record- 
ed as digital signals, he simply erased 
the background sky light by comput- 
er. Both the Earth-orbit space tele- 
scope and Jupiter-orbit Galileo satel- 
lite will have computerized telescopic 
CCD eyes. 

So-called large-area CCD's, de- 
signed for standard camera lenses, 
have a rectangular pixel format. The 
RCA chips on the cover of this issue, 
for example, are 512 by 320 pixels. 
But much narrower, almost single- 
line CCD's are often suitable when 
objects pass before the image sen- 
sors. 

Called linear arrays, these narrow 
devices have fewer pixels. NEC Elec- 
tronics, Inc. (Sunnyvale, Calif.), 


CCD camera on telescope at Mt. Hopkins 
in Arizona recorded M87 galaxy with an 
unusual jet shooting from its nucleus. 
Computers can enhance digital data from 
CCD's. Orbiting space telescopes will use 
TI 800-by-800-element CCD above, most 
complex LSI chip built. Chip size is 18 by 
18 mm; elements are 15 by 15 microns. 


makes a $360, 2,048-pixel, linear 
image sensor. These devices are used 
for facsimile machines, optical charac- 
ter readers in post offices, or in depart- 
ment-store checkout wands to read 
sales tags. Linear CCD's are now used 
to convert film images into video sig- 
nals for taping. Fairchild (Mt. View, 
Calif.) and Reticon (San Jose, Calif.) 
have been marketing linear and other 
CCD devices for years. 

Because vidicon and other tubes can 
do the job less expensively, CCD's 
haven't captured much of either the 
consumer or commercial market for 
TV cameras. RCA (Lancaster, Pa.) has 
demonstrated a prototype color-TV 
camera. But in 1980, Sony began sell- 
ing a compact $10,500 color CCD cam- 
era. 

Japanese airlines installed the cam- 
eras in jet-airplane cockpits. Other 
CCD features made it easier to show 
passengers their own pictures of take- 
offs and landings: Bright lights can’t 
burn and damage a CCD, unlike a 
tube target. Also, Sony’s CCD camera 
doesn’t bloom (saturate a picture) in 
bright light, so a sunset and cockpit 
scene can be seen simultaneously. 
And CCD’s don’t have lag—the trail- 
ing-comet-like image TV-camera 
tubes produce when a moving light is 
seen against a dark background. 

Such features may have helped con- 
vince the Air Force to replace movie 
cameras in its newest fighters with a 
Fairchild-built CCD camera and vid- 
eo-tape machines. Fairchild has also 
built night-vision and reconnaissance 
CCD devices for the military. 


Chicken and egg 

Since CCD’s were invented at Bell 
Labs in 1969, they’ve inched slowly 
into the market. “It’s a chicken or egg 
situation,” Bell Labs’ M. F. Thompsett 
told me. “Nothing in the semiconduc- 
tor world comes cheap unless you 
want to make great quantities. No- 


body wants the quantities until it 
becomes cheap." 

But the CCD's unique birth at Bell 
may have foretold troubles to come. 
Scientists Willard Boyle and George 
Smith wanted a semiconductor device 
that would store information like the 
magnetic-bubble memories [PS, Oct. 
"79] invented earlier there. These 
devices store and transfer data in 
minute bubblelike regions that can be 
moved electromagnetically through 
some materials. 

"We started batting ideas around," 
Smith recalls, "and invented CCD's 
with a speed that totally surprised 
us." They used conventional semicon- 
ductor techniques—a silicon wafer 
topped by an insulating silicon dioxide 
layer, then aluminum electrodes atop 
that. The idea was to electronically 
inject a signal beneath one electrode, 
creating a tiny charge packet. By 
applying voltage pulses sequentially 
to adjacent electrodes the charge 
would be moved, or coupled, across the 
device. 

Nothing happened. That first CCD, 
made with an existing electrode pat- 
tern, demanded too much of charge 
packets. They couldn't jump far 
enough. One researcher figured this 
out; he leaned over and breathed on 
the device. That did it. Ions in his 
breath enabled the charges to move 
from the input and register on the out- 
put. Bell initially planned to use the 
device digitally: The presence or ab- 
sence of a fixed charge at chip loca- 
tions would represent the ones and 
zeros of binary computer language. 

Soon, though, Bell and other compa- 
nies were developing complex chips— 


several overlapping layers of comb- 
like electrodes—designed for imaging. 
Light energy can produce charge 
packets of varying strengths near 
electrodes. These charge packets can 
be shuttled from one pixel to the next, 
to the edge of an array. There they are 
converted into a conventional elec- 
tronic signal by a diode and transistor 
on the chip. 

Such complexity designed into 
CCD's during the 1970's was a night- 
mare and a blessing. CCD electrodes 
shorted together can be fatal to chip 
operation, or they may produce cos- 
metic defects in pictures (missing 
lines or pixels). 

CCD chips can carry about 10 times 
as many pixels as transistor logic 
gates on conventional LSI microcir- 
cuits. That intricate structure is su- 
perb for precise imaging measure- 
ments. But it also means that a CCD, 
with perhaps hundreds of thousands 
of elements, has more microscopic 
sites for etching or other flaws. By 
contrast, one of the most complex com- 
puter chips being mass-produced has 
some 65,000 memory bits. Yields have 
been low in multichip CCD wafers. 


Ghost electrodes 


At the Texas Instruments' Central 
Research Labs in Dallas I saw results 
of a promising new virtual-phase (VP) 
technology for CCD's. Jaroslav Hyne- 
cek, who has headed VP development, 
told me "the improvement is manyfold 
over the old process." Manufacturers 
keep chip yields secret. 

Instead ofthe complex, layered elec- 
trodes required to shuttle charges 
through a chip with two, three, or four 


VCR-camera combination coming from 


instead of tube for TV imaging. Low (one 


Matsushita and other firms uses CCD watt) CCD power extends battery life. 


types of signal pulses, VP requires 
only a single-level electrode. But a 
pattern is created on the CCD chip 
that acts like electrodes with a perma- 
nent voltage applied. It's done by 
implanting ions into the silicon struc- 
ture. As a result, just one signal pulse, 
operating with the "virtual" electrode 
in the silicon, moves charges about. 

TI physicist Harold Hosack showed 
me a series of increasingly complex 
CCD's developed for the Jet Propul- 
sion Laboratory and NASA's upcom- 
ing telescopes in space. "The key per- 
formance feature for JPL people is the 
number of electrons pixels can store 
and not have the electrons completely 
swamped by other sources," Hosack 
said. The postage-stamp-size 800-by- 
800-pixel chips for space will operate 
at —100 degrees C to record low-noise 
signals from faint sources. 

"The optical bandwidth [wave- 
length range] of these devices is an 
order of magnitude larger than the 
vidicons that they fly now," said Mor- 
ley Blouke, project head for the space- 
telescope CCD's. The computerized 
eyes will capture wavelengths from 
1,200 to 11,000 angstroms in space, 
Blouke said. 

CCD's can be made to "stare" for 
long periods in space to register weak 
images, but they can also run super- 
fast (100 MHz) to capture images like 
high-speed movie cameras. 

A CCD can be both the eyes and the 
digital memory for a compüter. In the 
non-imaging application, CCD's have 
stiff competition from random-access 
memory chips (RAM's) and magnetic 
discs. Since data is read out serially, 
CCD's are slower than RAM's but fast- 
erthan discs. They're sometimes used 
as buffer (temporary storage) memo- 
ries between discs and RAM's. 

The Bell System uses CCD's for sig- 
nal processing: Touch-Tone electronic 
filters at telephone switching centers. 
The so-called dynamic detail proces- 
sor in RCA sets has a CCD chip to 
delay TV signals, enhancing picture 
quality. And special types of CCD's 
can perform complex mathematical 
signal processing of multiple radar 
signals. 

Is there a chip that sees in your 
future? A few years ago TI astonished 
the electronics industry with LSI 
chips—initially used in toys—that 
"talk." Computer-linked speech chips 
now go into appliances and soon will 
be in cars. The big Texas firm may 
have something similar in mind for 
chips that see: "You might have a 
radio-controlled toy car with a $10 
CCD in it,” hinted one TI researcher. 
"A youngster could watch a TV moni- 
tor in one room and see himself 'driv- 
ing around' in another room." usi 
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Biphase 


turbine 


Opens new 


geothermal reserves 


Now portable plants can 
tap energy from superhot 
steam and liquid 


By JIM SCHEFTER 
DRAWING BY RUSSELL VON SAUERS 


At 45-plus tons, the unique turbine 
and its flanking generators hardly 
looked portable. The eight-by-30-foot 
Skid holding the equipment is not 
something you'd carry along to the 
wilderness or tuck in a corner of your 
garage for emergency use. 

But by industrial standards, the 
2.2-megawatt geothermal power 
plant is writing a new definition for 
portability. Developed at Biphase En- 
ergy Systems in Santa Monica, Calif., 
it is based on a significant advance in 
turbine technology. The portable 
plant was recently installed on a sin- 
gle geothermal well in Utah and has 
been undergoing shakedown tests. 

"It's designed as a general unit that 
can go on any geothermal well," Dr. 
David Klipstein, managing director of 
Biphase, told me. 

If a well cools off or goes dry, the 
turbine unit can be picked up and 
moved elsewhere. And because one 
power plant works from one well, it's 
not necessary to bring in an entire 
geothermal field and build a large, 
permanent facility before generating 
electricity. 

"This system will allow a producer 
to begin generating power and recov- 
ering investment much earlier than 
before," Klipstein said. 

The advance that makes this possi- 
ble, and opens a wider range of geo- 
thermal temperatures to electric gen- 
eration, is a biphase turbine, so called 
because it generates power from both 
the liquid and steam phases of super- 
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heated water. Ordinary turbines use 
only the steam. Furthermore, the 
biphase turbine handles mixtures of 
steam and liquid, separating them 
with extraordinary efficiency while it 
extracts their energy. 

"This is a wet system," Klipstein 
explained, "operating under much 
more variable conditions than dry- 
Steam systems powered by the geysers 
in northern California." 

The system is so flexible, in fact, 
that versions can be used for water 
desalination, industrial waste-heat 
recovery, oil and gas separation, and 
marine power plants. Because of its 
design, liquids pass through the tur- 
bine in a fraction of a second. That's so 
fast that the traditional problems of 
salt scaling and corrosion caused by 
geothermal brine or other liquids are 
significantly reduced. 


Magnetohydrodynamics spinoff 


Inventors Lance Hays and David G. 
Elliot came up with the biphase con- 
cept while working on magnetohydro- 
dynamics [PS, Aug. '78] at the Jet Pro- 
pulsion Laboratory. They founded Bi- 
phase Energy Systems, then were 
acquired by Research-Cottrell Energy 
Companies. Commercial deliveries of 
biphase turbine systems, under a joint 
venture with Transamerica Delaval, 
are expected to begin in 1982. 

The basic biphase turbine has three 
major components—a two-phase noz- 
zle, a rotary separator, and a liquid 
turbine. Depending on the applica- 
tion, the liquid turbine can be left out 
or be replaced by some other device. 

In standard flash-steam and geo- 
thermal systems, a two-phase flow of 
steam and water droplets is forced 
under pressure through a flash orifice. 
Beyond the orifice, the available vol- 
ume expands suddenly. Steam 


"flashes" and moves on; the water 
droplets fall away to become a flowing 
liquid. Only the steam goes on to pow- 
er the turbine blades. 

In the biphase system, a two-phase 
nozzle replaces the flash orifice. The 
nozzle's cross section gradually 
shrinks, increasing pressure; then 
gradually enlarges, reducing pres- 
sure. The result is a uniform mix com- 
posed of steam and brine droplets, 
with the droplets accelerated by the 
steam. 

Now the motion energy of the steam 
and the brine, as well as the thermal 
energy of the steam, can be extracted 
(see diagram). 

The power plant installed at Roose- 
velt Hot Springs, Utah, where geo- 
thermal temperatures are about 360 
degrees F, employs both a 600-kilo- 
watt steam turbine at one end of the 
portable skid and a 1.6-megawatt liq- 
uid turbine at the other end. Power is 
fed into the local utility grid. 

The system's dual rotary separator 
wheels are 54 inches in diameter. 
Thereis enough residual energy in the 
brine to power a diffuser used to rein- 
ject the used liquid into the ground. 
Reinjection not only prolongs the life 
of the well but eliminates environ- 
mental concerns about waste-brine 
disposal and maintains subterranean 
hydraulic pressure to prevent terrain 
subsidence. 

For cooler wells, only the liquid tur- 
bine generator and a reinjection pump 
would be used. The biphase system 
can be installed on geothermal wells 
of less than 300 degrees to more than 
500 degrees. Until now, cost has kept 
the cooler wells from being exploited 
for energy. 

"The hotter wells are competitive 
now," Klipstein told me, "but it's the 
cooler wellsthat will ultimately be the 


How biphase turbines 
tap the Earth's 
energy 


workhorses of the geothermal busi- 
ness." 

Klipstein estimates that a biphase 
power system can be installed for 
about $1,000 per kilowatt. That com- 
pares with current costs of between 
$1,000 and $1,500 per kilowatt for 
large coal-fired plants, he said. Cost of 
energy over the lifetime of the system 
would be in the range of six to 10 cents 
per kilowatt hour. 

Smaller biphase systems were test- 
ed in 1979 and 1980 on geothermal 
wells in California's Imperial Valley, 
Raft River, Idaho, and the Utah site. 
The field experience confirmed calcu- 
lations that a biphase turbine would 
generate 20 to 40 percent more elec- 
tricity from a given well than would 
flash steam systems. 

Tt was proof that led to the current 
full-scale Utah demonstration, Klip- 
Stein reported. 


GEOTHERMAL-BRINE 


INLET FLOW 


STEAM 
TO TURBINE 


"Measured performance in the labo- 
ratory and in the field agreed to with- 
in 10 percent of the predicted values," 
he said. 

Klipstein expects utilities with geo- 
thermal resources to "take this whole 
business very seriously." The industry 
already is looking at 50-megawatt 
installations—10-20 geothermal 
wells, each with a biphase-turbine 
unit installed as soon as a well is 


„drilled and proven. 


Turbine economics 


"There is no end of fascinating 
applications for biphase-turbine tech- 
nology," Klipstein said. "But each one 
needs to prove itself economically." 

Among applications already being 
studied or in development: 

* Using industrial-flow streams, 
such as blowdown from large boilers, 
to generate electricity. Present sys- 
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Energy extraction starts in a biphase tur- 
bine when a mixture of hot brine and 
steam leaves the two-phase nozzle and 
strikes the primary separator at about 99 
psi. Steam, spun off by centrifugal force, 
can be routed to another turbine to help 
power an electric generator (diagram, 
right). The liquid spins the separator and 
flows around the rim and through holes to 
inside the wheel. Small, U-shape tubes 
mounted on the power turbine intercept 
this ring of liquid, spinning the power tur- 
bine and the power-out shaft for the gen- 
erator. Brine flow is switched 180 degrees 
by the U-tubes, supplying high torque 
and spinning the secondary separator in 
the opposite direction. This concentrated 
brine is then tapped for reinjection into 
the geothermal well. In some biphase-tur- 
bine applications, such as waste-heat 
recovery, the water from the turbine 
exhaust and condenser is pumped back 
into the two-phase nozzle. Other versions 
have also been developed. 
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tems require expensive equipment to 
separate steam from water droplets 
before injection into a turbine. The 
biphase turbine takes a blowdown 
mixture as is and produces power as 
part of the separation process. 

* Replacing current equipment 
used to separate oil and natural gas 
coming from the same well. The 
biphase turbine not only separates the 
two, but would generate electricity in 
the process. 

* Power generation from industri- 
alheat now wasted. Even such simple 
heat-catchers as exhaust mufflers can 
provide enough energy to drive a 
biphase turbine generator. 

"People are fascinated by biphase 
turbines," Klipstein said. "We con- 
stantly hear from outsiders with new 
ideas. But we're so tied up with our 
own fascinations that we don't have 
time to pursue them." oe) 
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Ultralights 
—the low-budget route 
to sky-high fun 


They're kit-built, colorful, and burgeoning 
—but the FAA is about to change the rules 


By BEN KOCIVAR 


Ifthe pure sensation of flight turns you on, one of this new 
generation of ultralight airplanes could be your dream 
machine. You sit in an open-air seat surrounded by noth- 
ing but rushing air, just as the Wright Brothers did in 
1903. Flying them is highly physical and personal, but, 
if untutored, potentially hazardous. 

The other big attraction of ultralights is their low cost. 
They started out as nothing more than powered hang glid- 
ers costing only a few hundred dollars. They're not that 
cheap anymore, but they're still available, in kit form, for 
$2,000 to $5,000. That's not bad considering that two-seat- 
er production planes can cost $20,000 and must be licensed 
by the FAA. (So must the pilot, and that may involve 
$2,500 worth of instruction.) 

With most ultralights, neither plane nor pilot needs a 
license as long as the plane can be foot-launched and foot- 
landed. But a growing awareness of the hazards posed by 
ultralights, both to their pilots and to others sharing the 
airspace, has prompted the FAA to propose stricter stan- 
dards. These would limit unlicensed planes to single-occu- 
pant designs weighing less than 155 pounds with fuel 
capacities of 15 pounds or less. Comments on the proposed 
rules were due by November 25, 1981. 

Kits range from bits and pieces that must be hand-built 
to bolt-together parts that can be assembled in a few hours" 
time. John Chotia, designer of the popular Weedhopper 
anda former NASA engineer, says his newest model comes 
with everything but the gasoline. "All the parts are cut, 
drilled, and anodized—and go together like Tinkertoys." 

Chotia strongly urges customers to get some flight 
instruction before taking off in an ultralight: Weedhopper 
offers dual instruction (at its Ogden, Utah, headquarters); 
dealers do also. Tracy Knauss, publisher of Glider Rider, a 
monthly magazine devoted to ultralights, concurs and 
offers other safety tips: "1—On takeoff and landing, leave 
ample room to abort. 2—Don't turn low to the ground. 3— 
Don't fly low over populated areas. 4—Be a fair-weather 
flier, and don't fly after sunset." And finally: "Remember, 
it's better to be on the ground wishing you were in the air 
than the other way around." us 


Ultralight designs come in an awe- 
some variety. Some originated as 
powered Rogallo hang gliders. Others 
are canard designs, tail-draggers, single- 
and two-seaters, pusher props, and 
even multi-engine planes. Control sys- 
tems are usually so different from con- 
ventional planes that licensed pilots 
have to unlearn what they know. The 
Weedhopper (facing page) has no rud- 
der pedals. Lateral stick movements 
work the rudder. Foot pedals work the 
nose wheel for taxiing. The two-cycle 
engine for American Aerolights' Eagle 
(top) develops 20 hp at 6,000 rpm, pro- 
viding 170 pounds of thrust. The Eagle 
is a canard design. Bryan Allen, who pi- 
loted the human-powered Gossamer Al- 
batross across the English Channel, is 
vice-president of this Albuquerque, 
N.M., company. The Eipper-Formance 
Doublequick (center) cruises at 32 mph; 
the pilot shifts his weight to change 
pitch, yaw, and roll. Eipper-Formance 
(San Marcos, Calif.) even offers a float- 
plane ultralight (left). 
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POP d 
B uer "at 


It links tanker to refinery 
and pumps out crude at 
100,000 barrels an hour 


By PETER BRITTON 
PHOTOS BY THE AUTHOR 


The supertanker Texaco Caribbean 
rode low in the choppy waters of the 
Gulf of Mexico, heavy with two mil- 
lion barrels of Arabian crude. The 
1,074-foot tanker, attached to a huge 
yellow buoy by massive hawsers at 
her bow, was the first to unload at this 
strange new "port"—strange because 
it's 19 miles off the Louisiana coast 
From our workboat we could see two 
bright-orange hoses dip overboard 
and snake along the water to disap- 
pear near the buoy 
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LOOP 104, one of three moorings now 
in operation at this offshore port (upper 
left), unloads crude oil from a super- 
tanker via parallel 24-inch-diameter hos- 
es covered with bright-orange flotation 
casings (far left). The oil flows down 
through the hoses to the base of tl 
buoy, and from there to the pumping 
platform (left) a mile away. There, three 
centrifugal crude-oil pumps driven by 
7,000-hp electric motors pump the oil to 
another booster station on shore. Power 
for the motors comes from two 22- 
megawatt gas-turbine generators. Ac- 
cess to the 200-foot-square platform is 
from a helipad atop the attached 70- 
foot-square control tower or from a 
workboat via a "Billy Pugh” basket 
(above), the route taken by 

author Britton. 
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Inside the hoses, the tanker's costly 
cargo surged down to the base of the 
buoy 110 feet below and into a 56-inch 
pipeline. More than a mile away in the 
haze stood a bright-yellow superstruc- 
ture: the pumping-station control 
complex. There, pumps would boost 
the crude for travel through a 48-inch 
pipeline to another booster on shore at 
Fourchon, La. From there it would be 
pumped to a salt-dome storage area 
and, eventually, to a refinery. 

This entire complex—buoys, plat- 
forms, pipelines, and storage cavi- 
ties-makes up a vast new facility 
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called LOOP, for Louisiana Offshore 
Oil Port, now a reality after a 10-year, 
$700 million development effort by 
five oil companies. Said LOOP's pres- 
ident, William Read, as our boat 
turned toward the yellow tower: 
"LOOP forms the missing link in our 
crude-oil transportation system by 
taking the port and pipeline out to the 
vessel." 

Such a facility is badly needed. 
Supertankers larger than 250,000 
deadweight tons (very large crude car- 
riers, or VLCC's) have drafts ap- 
proaching 70 feet, and ULCC's (U for 


Mooring and unloading at LOOP ultra) of over 400,000 tons can hit 


almost 100 feet. Though many Euro- 
pean and Japanese ports are deep 
enough to accommodate them, no U.S. 
port is. So the practice has ‘been to 
transfer the oil to smaller vessels at 
sea—a costly and slow process. 

At LOOP, three VLCC’s can berth 
simultaneously at three buoys and 
unload crude at a rate of 100,000 bar- 
rels an hour. The result: Transporta- 
tion costs drop by 10 cents a barrel, 
meaning a saving of up to $150,000 
per voyage for a VLCC. Eventually, 
three more buoys will boost the rate to 
300,000 barrels an hour. 

Each of the three buoys is 21 feet in 
diameter, 46 feet high, and tethered to 
its 50-by-50-by-10-foot base by what 
may be the world’s largest chain 
(three-foot links of 6.5-inch steel). The 
bases are anchored to the sea floor by 
pilings driven 80 feet deep. The key to 
the mooring system is the fluid-swivel 
assembly (see diagram), a universal- 
joint arrangement that allows the 
moored tanker to weather-vane in a 
360-degree arc while unloading the 
crude. Unloading can continue in seas 
of 12 feet and winds up to 44 knots. 

From the buoy, the workboat car- 
ried us to the gigantic yellow towers 
that house the pumping and control 
stations. A crane high above us low- 
ered a “Billy Pugh” basket to our 
heaving deck and whisked us upward 
100 feet to the second of three levels. 
The pumping platform is a maze of 
pipes and pumps and electrical con- 
duits designed to regulate the flow of 
eight different kinds of crude. Linked 
to it by a catwalk is the control tower, 
with maintenance shops, storage ar- 
eas, emergency equipment, living 
quarters for a crew of 25, a topside 
heliport, and a control room. 

“The wild part is that one person sit- 
ting at a console can virtually run 
LOOP,” Read noted. “We have dupli- 
cate controls on shore.” 


Underground tank farm 


But LOOP's prime shore-based com- 
ponent is the vast underground tank 
farm called the Clovelly Salt Dome 
Storage Terminal. Salt domes are 
formed from ancient salt beds. The 
Clovelly dome area is 1,200 ft. un- 
derground and 3,000 ft. in diameter. 
To form the storage cavities, fresh 
water is forced in. It leaches the salt 
and leaves a carrot-shaped cavity. 

The Clovelly Terminal will have 
eight cavities, each 1,000 feet high by 
190 feet wide. They will be a buffer to 
hold the oil until it's needed by a refin- 
ery. Through pipelines, oil from 
LOOP, the "missing link," will be tied 
into 30 percent of the country's refin- 
ing capacity—a vital link indeed. W3 
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Cars 


. eflashy sporty coupes 


Plushier family-size 
models may foreshadow 
the big car of the future 


By JIM DUNNE 


This fall General Motors introduced 
its 1982 p. ger-car lineup carried 
over from 1981. The familiar faces dis- 


played only the minor revisions that 
set off a new model year—a new grille 


here, new taillights there 
Now come six all-new or highly 
revised models: the completely rede- 
signed Chevrolet Camaro and Pontiac 
Firebird F-body sporty coupes, plus 
the family-sized Chevrolet Celebrity, 
Pontiac 6000, Oldsmobile Ciera, and 
Continued 


eeconomical familycars 


A strong family resemblance to their big- 
ger, heavier predecessors is apparent in 


both the Pontiac Firebird T/A (top photo) 
and Chevrolet Camaro Z28 (above). 
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Look closely and you may see familiar 
lines and shapes in the center sections 
of General Motors' new A-bodies. The cars 
are derived from the popular X-body 
chassis that launched GM into the 
front-wheel-drive era. Despite this 
heritage, the longer A-cars achieve their 
own distinct styling. Oldsmobile Ciera 
is shown at the top, with Buick Century 
just below. The photo above is 

of the Pontiac 6000; Chevrolet Celebrity 
is shown at the left. 


Buick Century that share the newly 
designated A-body—which is actually 
an X-body in disguise. 

(If you find GM's imposing array of 
body designations confusing, the ac- 
companying table will help you tell 
which cars are different and which are 
really clones with different brand 
names.) 


Camaro/Firebird 


It's been 12 years since GM changed 
the basic shape and chassis of the 
Camaro/Firebird twins. While their 
family heritage remains clear in the 
sleek new styling, the clean and aero- 
dynamic lines just hint at the wide- 
ranging changes made. 

It's hard to ignore the slippery lines, 
however, and with good reason. "Its 
fluid shape has the lowest coefficient 
of drag—0.342—of any car GM has 
ever tested in its wind tunnel," 
boasted a Pontiac engineer ofthe Fire- 
bird, "and that includes Porsches, 
RX-7's, and 280-ZX's." 

"True," replied a nit-picking Cama- 
ro engineer, "but our car has a Ca of 
0.380 both day and night. We don't 
have [Firebird’s] air-catching pop-up 
headlights to spoil nighttime drag." 

Not only are the new F-cars sleek, 
they're also smaller and considerably 
lighter. Overall length is down to 189 
inches from 197.6, and wheelbase has 
been cut seven inches, to 101. Curb 
weight has dropped to about 2,900 Ibs. 
That may seem a bit fat, but GM had 
its reasons for leaving some heft in the 
chassis. 

"It's slightly heavier than it could 
be," Chevrolet engineer Don Runkle 
explained. "We wanted to take sub- 
stantial weight out, but still maintain 
an aggressive-handling car, and we 
needed the strength to hold all that 
V8 torque." 

Three engine displacements will be 
available in the F-cars, including 
their first four-cylinder: the familiar 
2.5-liter Pontiac-built four that's also 
standard in the X-cars and new A- 
cars. With its standard throttle-body 
fuel injection and a four-speed manual 
transmission, it gives the F-cars im- 
pressive EPA ratings of 24 mpg city 
and 35 highway. 

Optional engines include the X- 
cars' Chevrolet-built 2.8-liter V6 and 
three five-liter V8's. The fiercest of 
these has twin throttle-body injection 
units mounted on a crossover mani- 
fold (the runners feed only cylin- 
ders on the opposite side of the en- 
gine). Chevy calls this "cross-fire 
injection," and with it the company 
claims tire-smoking 8.6-second accel- 
eration to 60 mph for the Z28 Ca- 
maro. This induction setup will also be 
used on the Corvette's 5.7-liter 


GM's 
alphabet soup 


B-BODY 


A-BODY — —Celebrity, 6000, Ciera, Century (X-body derivative) 


— Caprice, Delta 88, LeSabre 


C-BODY X —de Ville, Fleetwood, 98, Electra 
E-BODY _—Eldorado, Toronado, Riviera 
F-BODY — —Camaro, Firebird 


G-BODY* -— Malibu, Bonnevillet, Regal, Cutlass, Monte Carlo, Grand Prix 


V8—although it will be available only 
with a four-speed automatic transmis- 
sion. 

The new F-car chassis is all unit- 
body construction; previous models 
have been a combination of frame- 
and-body and unit-body. The new 
front suspension uses MacPherson 
struts, while the rear continues to use 
a solid axle, torque arms, track bar, 
and coil springs. 

Perhaps the most welcome change 
will be the cars' new-found luggage 
capacity—30 cu. ft. with the rear seat 
folded down. (Last year's F-cars held 
only 9.2 cu. ft.) And access to the lug- 
gage space is easy through the big new 
rear hatch. 

After driving them, I think these 
sleek and potent sportsters will prove 
highly competitive with such imports 
as the BMW 320i, Mazda RX-7, 
Porsche 924, and Datsun 280-ZX, as 
well as domestics such as the Mus- 
tang/Capri. (Watch for a future PS car 
test pitting the F-cars against their 
competition.) 


Luxurious family cars 


General Motors' other fresh faces 
are the new-for-82 A-body family 
cars: Celebrity, Ciera, 6000, and Cen- 
tury. They're built on the same chassis 
as the popular X-cars (Citation, Phoe- 
nix, Omega, Skylark), but there are 
several significant differences. 

The A-bodies are noticeably larger 
outside. The Chevrolet Celebrity, for 
instance, is a full foot longer than the 
Citation. With the added overall 
length, more room is available at both 
ends of the car—for a bigger trunk 
(15.9 cu. ft. vs. 14.3) and larger engine 
compartment. 

The extra length (35 mm) in the 
engine compartment gives the A-cars 
a big advantage over the X's. While 
the base engine for both is the 2.5-liter 


J-BODY — —Cavalier, J2000, Cimarron, Firenza, Skyhawk 
K-BODY — —Seville (E-body derivative) 

P-BODY — —Pontiac sports car (1983) 

S-BODY — —Chevrolet mini (1984) 

T-BODY — —Chevette, T1000 

X-BODY — —Citation, Phoenix, Omega, Skylark 

Y-BODY Corvette. 


Change in designation for 1982: formerly A-body family 
tName formerly applied to discontinued B-body 


fuel-injection Pontiac four, and both 
have the X-cars' 2.8-liter Chevrolet 
V6 as an option, the A-cars have room 
for the new 4.3-liter Oldsmobile V6 
diesel as a top-economy option, as 
well. (But the A-cars will come with 
automatic transmission only.) 

Fuel economy, not surprisingly, is 
virtually the same as the X-cars’, 
except for the stingier diesel, from 
which GM expects EPA ratings of 
about 28 mpg city and 42 highway. 
The gasoline cars will benefit from 
this year's addition of throttle-body 
fuel injection to the 2.5-liter four. 

"Last year, with the electronically 
controlled carburetor," a GM engineer 
told me, "we could check the engine 
operation and make adjustments 
about 10 times per second. This year 
our checks are made 80 to 100 times a 
second, and the throttle-body fuel 
injection reacts more quickly. So we 
have better fuel metering, better driv- 
ability, and more power with the same 
emission levels." 

The styling of the four A-cars is vir- 
tually identical, except that the grille, 
taillights, and surrounding trim are 
unique to the particular model. But 
their sleeker overall styling does give 
the A-cars a better drag coefficient 
than their slightly smaller X-car 
cousins. 

Inside, you'll find the same similar- 
ities and differences. The seats and 
passenger room are identical, for 
instance, but the instrument panels in 
the A-cars are individually styled and 
somewhat busier than those of the 
X-cars. 

My impression, after driving Celeb- 
rity, 6000, Ciera, and Century, is that 
these are the luxury full-size cars of 
the future right now. GM’s A-bodies 
will likely speed the demise of tradi- 
tional big cars, and may even help 
stem the rise of mid-size imports. HE) 
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Home fire 
sprinklers 


— now you can install 
them in your house 


New super-fast heads 
fight fires with regular 
home water supply 


By ROBERT GORMAN 
ILLUSTRATED BY GENE THOMPSON 


This year, fire will kill about 8,000 
Americans. It's estimated that 5,000 
of these deaths will be caused by 
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fires in one- and two-family homes. 

While fires can’t begin to match the 
carnage caused by the automobile (at 
least 53,000 died in crashes during 
1980), many of those 5,000 deaths 
might be prevented by the new tech- 
nology now available. 

Fire-sprinkler systems are proved 
lifesavers. In buildings with full 
sprinkler systems (generally “fire- 
proofed” concrete commercial build- 


ings) fires kill only about 20 people a 
year—and explosions cause most of 
these deaths. 

But until recently, we had neither 
the knowledge nor the technical abili- 
ty to install effective residential sys- 
tems for small houses. 

“The most significant breakthrough 
is what we've learned recently about 
the special characteristics of residen- 
tial fires," says Harry Shaw of the 


pure 
PRINKLER HEAD 


Piped for protection (right), 


klers mounted to follow the new code's stan- 
dards. Sprinklers must be no more than four 
inches below the ceiling, and no more than six 
feet from the wall. One sprinkler can protect a 
maximum area of 144 square feet, so more are 
needed in larger rooms, as shown. Sprinkler 
heads must be spaced at least eight feet apart 
but no more than 12. Plumbing runs from water 


main (detail above) require a 


vent backflow into house water. 
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U.S. Fire Administration. As a result, 
there are now sprinkler heads de- 
signed specifically to fight residential 
fires using the ordinary, low-pressure, 
household water supply. 

The new technology has made resi- 
dential sprinkler systems practical, 
effective, relatively low-cost, and sim- 
ple enough for a skilled do-it-yourself- 
er to install. d 


Chicken soup 


In 1975 the National Fire Protec- 
tion Assn. published the first U.S. 
Standard for residential sprinklers. 
Standard 13D was important because 
it represented a consensus among 
most of the public and private agen- 
cies working in fire protection. Such 
Standards are often written into build- 
ing codes. 

But the standard was practically 
useless. "Requiring 13D sprinkling is 
like prescribing chicken soup for a 
cold,” said one fire engineer. "It can’t 
hurt you. But it probably won't help 
much, either." 

These doubts were confirmed by a 
series of fire tests run at the Norwood, 
Mass., labs of Factory Mutual Re- 
search, a major fire-protection stan- 
dards-setting organization. The tests 
proved that a properly installed 13D 
system probably wouldn't save your 
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life—especially if you were in the room 
where the fire started. 

Why? The 13D standard required 
hardware designed for commercial 
sprinkler systems. These systems are 
often fed by separate high-pressure, 
high-volume water supplies. A typical 
system is designed to provide from 100 
to 250 gallons of water per minute— 
for 30 minutes. It fights fires by acti- 
vating several sprinklers simulta- 
neously or in rapid succession. These 
produce spray patterns that overlap. 

Each of these design elements is 
wrong for home fire protection. Obvi- 
ously, it's impractical and costly to 
installa separate water system for the 
sprinklers—especially in existing 
homes. (Even for new construction, 
the 13D standard added $7,000 to the 
30-year mortgage cost of a $50,000 
home.) 

Butifthe sprinklers must work off a 
typical domestic water supply, open- 
ing several heads at once reduces 
water pressure so much that the 
sprays may be ineffective. 

"To save lives,” says the Fire 
Administration's Shaw, "we have to 
hit the fire at the bottom of its curve— 
before it takes off." 

He's referring to killer flashover— 
that deadly condition when super- 
heated combustibles burst instanta- 


neously into flames. This happens 
during fires in living rooms, bed- 
rooms, and kitchens, where 85 percent 
of fatal home fires start. A series of 
tests sponsored by the Fire Admin. 
showed how these fires behave. 

Sixty fully instrumented fires were 
set in an abandoned two-story stucco 
house in Los Angeles. Sixteen other 
fires were set in a mobile home in 
Charlotte, N.C. These were set where 
most residential fires start, in corners 
or against walls. 

The findings? Such home fires may 
smoulder for an hour or more before 
bursting into full flame. Then, be- 
cause today's typically small, low-ceil- 
ing rooms confine hot gases, tempera- 
tures can rocket hundreds of degrees 
in just seconds after flaming occurs. 
Flashover follows almost instantly. 

To fight this kind of fire you need a 
super-fast sprinkler, one that reacts 
speedily to swiftly rising tempera- 
tures. To cool down the burning gases 
the sprinkler spray should discharge 
as high on walls as possible. And the 
sprinkler should quickly control the 
fire in one area, so heated gases don't 
turn on a nearby sprinkler and lower 
the water pressure. 

A new sprinkler, tested in those 76 
fires, meets these criteria. Mounted 

Continued 
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A fusible link on the Grinnell sprinkler 
joins the vertical trigger arms. At 140 deg. 
F the link melts and the arms separate: 
Water sprays out and bounces off the 
deflector plate. Instead of the usual cone- 
shaped spray, this new plate produces an 
umbrella-shaped spray that puts water 
high on the wall. Other fast-acting sprin- 
klers have different triggers but produce 
the same type of spray. 


properly, the Grinnell sprinkler—the 
first of the new fast-acting designs— 
works with plumbing systems that 
deliver only 18 gallons per minute to 
one sprinkler head (or 13 to two). With 
the right piping, that kind of supply 
Should be available to any room in 
most two- and three-story houses. 


Speedy sprinkler 

Like most common commercial 
sprinklers, the Grinnell version is 
triggered by the melting of a fusible 
link (see photo). But the Grinnell link 
is thinner and more sensitive to tem- 
perature and the velocity of rising gas- 
es. These two factors, along with some 
others, are used to measure the speed 
ofa sprinkler head. They are integrat- 
ed into a complex formula that gives a 
"time constant" (or tau) rating. The 
time constant for the Grinnell head is 
21 seconds; the range for conventional 
heads is from 100 to 200 seconds. 

Two other fast-acting heads have 
similar reaction times but different 
triggers. A prototype developed at 
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Battelle Labs in Columbus, Ohio, uses 
superfine nitinol wire to pull a release 
latch. This nickel-titanium alloy is 
annealed to 900 degrees F, then 
stretched at room temperature. But it 
"remembers" its shorter shape and 
springs back when reheated. 

Another residential sprinkler, de- 
veloped by Central Sprinkler Corp. in 
Lansdale, Pa., uses a bimetal disc 
somewhat like an auto thermostat. 
The disc snaps open a valve when 
heated and closes it when cooled. This 
on-off sprinkler may help prevent 
excess water damage. 

(The Grinnell system features both 
internal and external alarms—see de- 
tails on opening page—that ring when 
a sprinkler opens. The exterior one 
should alert passers-by and help pre- 
vent flooding.) 

The new heads are also mounted dif- 
ferently (see large illustration) to bet- 
ter combat home fires. A brand-new 
standard (13D-1980) codifies the new 
requirements. 

Underwriters Laboratories has also 
developed a new test standard for res- 
idential sprinklers. While it relaxes 
some industrial-related anti-corro- 
sion requirements (resistance to salt 
spray, moist hydrogen sulfide, and 
some other work-place hazards), it has 
actually toughened requirements for 
resistance to water hammer, pressure 
surges, and some forms of physical 
abuse—such as a child bouncing a ball 
off the ceiling. 

The Grinnell residential head is 
listed under the new UL standard. 
The maker (Grinnell Fire Protection 
Systems Co., 10 Dorrance St., Provi- 
dence, R.I. 02903) also has an instal- 
lation kit—price is not yet set. "Total 
installed cost, with the pipes, fittings, 
and labor, should be from $1,500 to 
$2,000," said a Grinnell spokesman. 
"But that's for new construction." 


How about DIY? 


Some experts estimate that you can 
do the job yourself for about $700. But 
you shouldn't tackle it unless you're a 
fairly handy home plumber—it does 
involve installing a number of valves 
(see illustration) as well as running 
pipes along ceilings. (In new homes, of 
course, the pipes can be concealed— 
but for older homes the exposed pipes 
are probably unavoidable.) Whether 
you do the job yourself or hire out 
some of the work, keep in mind that a 
lot of long-held ideas about sprinklers 
are now outdated. 

For example, some professional in- 
stallers are currently promoting re- 
cessed heads with fall-away cover 
plates. While there's no doubt they 
make for better decor than exposed 
heads, there's also no way they could 


meet requirements for response time 
and distribution pattern. 

Unless you live in the Sun Belt, 
you'll also have to consider the freeze- 
up problem. Some installers in north- 
ern states are reportedly charging dis- 
tribution pipes with antifreeze. An 
anti-backflow valve must be used, of 
course, to prevent source contamina- 
tion. It isn't clear, however, that con- 
tractors offering this kind of protec- 
tion are making sufficient allowance 
for the additional friction introduced 
by an anti-backflow valve. 


Avoiding trouble 


As your first step in guarding 
against these and other pitfalls you 
should get a copy of NFPA 13D-1980, 
Sprinkler Systems-One- and Two- 
Family Dwellings—1980 ($4 from the 
National Fire Protection Assn., Inc., 
Batterymarch Park, Quincy, Mass. 
02269). Among other things, the stan- 
dard has useful tables for calculating 
pipe sizes needed to deliver the 
required 18 gpm of water to the most 
remote sprinkler head. 

But the standard has one confusing 
requirement: In unheated areas sub- 
ject to freezing, it requires “dry pipes” 
filled with slightly pressurized air. 
Since water enters these pipes only 
when a sprinkler is triggered, there’s 
a built-in delay—just what the new 
standard was designed to prevent. To 
avoid such problems, plan to run pipes 
through heated, or at least insulated, 
areas of your house. 

If your sprinkler installation meets 
the requirements of this standard, 
will it also meet local codes? It’s 
always wise to check codes before tap- 
ping into your water main. But most 
local codes don’t address sprinkler sys- 
tems for single-family homes. The 
closest approximation to a code are 
some local ordinances in a few commu- 
nities requiring sprinkling in new 
construction. Several such ordinances 
have been enacted in California, 
where Proposition 13 has forced com- 
munities to trim local fire services. 

Like local codes, most insurance 
policies have not yet addressed home 
sprinkler systems. Insurance savings 
on commercial buildings often repay 
installation costs in short order. You 
may get a 15 percent reduction in your 
fire insurance if you sprinkle all 
high-risk areas. Some companies will 
go higher if you include closets and 
bathrooms. 

Even if sprinkling costs more mon- 
ey than it saves, it may still be worth 
it to you. Whether you choose to use 
this fairly costly new technology de- 
pends on how you assess the danger of 
fire in your home—and how far you 
want to go to lessen it. us 


Now. . .more heat, less 
creosote with revolutionary 


catalytic 
wood stoves 


A six-inch metal-plated 
disc sets fire to the 
biggest bugaboos 

of wood burning 


By EVAN POWELL 


I suppose I looked a little funny 
dressed in a coat and tie clambering 
up a stepladder beside a big tent, 
erected on the roof of the Hyatt Regen- 
cy Hotel in New Orleans. My goal: to 
poke nose and hands into three flue 
pipes projecting from the tent’s roof. 
The occasion was the international 
trade show of the Wood Heating Alli- 
ance, an organization of makers of 
wood-burning appliances. Inside the 
tent were three Franklin Concorde 
wood stoves that had been burning— 
slowly and continuously—for three 
days. And getting a first-hand look 
into their flues seemed more impor- 
tant than decorum—more, even, than 
my usual fear of heights. 

What I found was worth the discom- 
fort. The flue liners were smooth, with 
hardly a smudge of soot. There was 
none of the tar or creosote you’d expect 
after a prolonged low-burn period. The 
reason: The three stoves contained an 
intriguing new element—a precious- 
metal-coated ceramic honeycomb disc 
about six inches in diameter and three 
inches thick. The disc is a catalytic 
combustor, developed especially for 
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wood-burning stoves by Corning 
Glass Works, which also developed 
the catalytic converter for your auto- 
mobile. Used in a wood stove, the cat- 
alytic combustor is a triple-threat 
device that not only reduces creosote, 
as the flues atop the tent attested; it 
also increases the efficiency of the 
Stove and reduces air pollution. 

As I write, there are 17 manufactur- 
ers making wood stoves, wood-burn- 
ing furnaces, and fireplace inserts 
using Corning’s catalytic combustor 
or a similar one made by Applied 
Ceramics. Solar Key uses a precious- 
metal-coated catalytic steel plate, and 
other companies may soon get in the 
act. Penn Stoves makes an add-on 
heat exchanger using Corning’s com- 
bustor. It can be put in the flue pipes of 
top-vented wood stoves. 

During the past heating season I 
lived with a Franklin Concorde cata- 
lytic wood stove, and it does, indeed, 
seem to deliver what it promises. As 
with any new technology, however, 
there are a few rough edges, and 
before you buy a catalytic stove, you 
should be aware that it is different in 
operation and performance from a 
conventional wood stove. More about 
that later. 


How the combustor works 


Under normal conditions, hydrocar- 
bons and other potentially flammable 
products in wood smoke have a wide 
range of ignition temperatures. Many 
won't burn below about 1,200 degrees 
F or even higher. In conventional 
stoves, the average temperature in 
the firebox is only 700 to 800 degrees. 
Thus many of those products pass 
through unburned, wasting a good bit 
of the potential heat in the wood. 
Worse, some of the unburned products 
condense on the flue interior as creo- 
sote, the fuel that fires chimney blazes 
[PS, Oct. '79]. Others waft out the 
chimney and pollute the air. 

In a catalytic stove, the combustor 
disc is placed in a special chamber at 
the top of the firebox (see diagram) 
and a second fire burns there, using 
the byproducts from the wood fire 
below as fuel. A catalyst is a substance 
that can trigger a chemical reaction 
and allow it to take place under milder 
conditions than normal; the catalyst 
itself is unchanged at the end of the 
reaction. The catalyst used on the 
combustor is a thin metal coating 
(usually platinum, palladium, or a 
combination) that allows nearly all 
the hydrocarbons and other flamma- 
ble products in the smoke to burn at a 
temperature much lower than usual. 

“There is still disagreement even 
among scientists as to exactly what 
happens,” says Roger Allaire, senior 
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project engineer for Corning. But one 
widely held theory is that the catalyst 
sets up a tug of war, on the atomic lev- 
el, with substances in the wood smoke. 
“The atomic bonds of crystalline 
materials, such as platinum and pal- 
ladium, are unbalanced at the sur- 
face,” Allaire explains. “This tends to 
strain the bonds of other substances 
that come near—in this case, stuff in 
the wood smoke. With this strain on 
the bonds, they will break more easily, 
meaning the substances will burn 
more readily—at about 450 degrees F, 
which is easily attained soon after the 
fire is lit.” 

Once the catalytic reaction begins, 
the hydrocarbons start burning— 
mostly within the combustor. This 
causes the temperature there to soar, 
sometimes above 2,000 degrees, which 
makes it work even better. Ultimately 
most of the flammable substances 
burn, and much of the wood’s Btu con- 
tent that is normally wasted is cap- 
tured: The residue that otherwise 
would create creosote and air pollu- 
tion creates heat instead. 

Tests conducted for Franklin Indus- 
tries by an independent laboratory 


GG Most of the labs are 
finding an increase of 
15 to 25 percent in 
heating efficiency with 
catalytic stoves 99 


indicate that the catalytic combustor 
reduces creosote formation by up to 90 
percent, compared with conventional 
airtight wood stoves, and substantial- 
ly reduces air pollution, a less-publi- 
cized problem of the wood-burning 
renaissance. 

More than seven million wood 
stoves have been sold since 1973, 
according to the Environmental Pro- 
tection Agency, and home stoves now 
provide the heat equivalent of 
140,000 barrels of oil a day. But at 
a price: “The rapidly increasing use 
of wood stoves is causing concern 
about the effect on air quality,” says 
John Milliken of the EPA. The smoke 
pall can be very heavy over moun- 
tain valleys in the Rockies and New 
England. With a catalytic stove, the 
hydrocarbons and carbon monoxide in 
the smoke are mostly oxidized to 
become carbon dioxide and water 
vapor, and particulate emissions are 
reduced by up to 66 percent, according 
to Franklin. 

Efficiency improvements are also 
impressive. Auburn University’s 


Wood Heating Laboratory rates a very 
good non-catalytic airtight stove at 
about 55 percent heating efficiency, 
comparing the heat output to the room 
with the Btu content of the wood. 

Auburn has not tested catalytic 
stoves yet, but other labs have. Certi- 
con of America, Inc., rated the Frank- 
lin Concorde at 83 percent heating 
efficiency. The Concorde’s combustion 
efficiency ran about 94 percent. Com- 
bustion efficiency measures the heat 
released within the stove in Btu as a 
percentage of the Btu content of the 
wood. It does not consider the stove's 
ability to send the heat out into the 
room rather than up the flue. 

At Canada’s Ryerson Polytechnical 
Institute, the Lakewood Unicorn Cat- 
alytic stove showed a combustion effi- 
ciency of 94 percent and a heating effi- 
ciency of 75 percent. The same stove, 
when tested without the catalytic 
combustor, showed a combustion effi- 
ciency of 86 percent and a heating effi- 
ciency of 64. 

“It’s difficult to compare results 
between the six or seven laboratories 
presently testing wood-burning stoves 
since each uses a slightly different test 
method,” says Lakewood’s president, 
Clyde L. Logue. “But most of the labs 
are finding an increase of 15 to 25 per- 
centage points in heating efficiency 
using a catalytic combustor.” That’s 
significant. 


In-home results 


I was even more impressed after my 
own three-month test of the Franklin 
Concorde. A “white glove” test of the 
interior of the flue revealed no mea- 
surable creosote buildup. I should also 
mention that buildup was only about 
34» inch thick after two seasons’ use of 
my non-catalytic Buck stove. I attri- 
bute that to my habit of opening the 
dampers and allowing the stove to 
burn hot for about 15 minutes each 
day. With a catalytic stove that chore 
is not only unnecessary, it’s useless, 
since the stack wouldn’t get hot 
enough to result in any cleaning 
action even if there were something to 
burn off. 

Outdoors, the smell of wood smoke 
was diminished substantially with 
the catalytic stove, indicating reduced 
pollution. I had been warned that I 
might smell sulfur, as with some auto- 
motive catalytic converters, but I nev- 
er have. 

The Concorde’s efficiency was also 
apparent. Even after long periods of 
large fires, the stack stayed cool 
enough to touch, indicating that not 
only was the combustor working, but 
the heat was scrubbed off (removed 
from flue gases) and transferred to the 
room efficiently. 


Ihad to feed the catalytic stove less 
often than my conventional stove. I 
would estimate that I used at least a 
third less wood in the Concorde than 
in my older stove, though it's hard to 
verify because of differences in outside 
temperature and the shorter logs I 
burned in the catalytic stove (due to 
its smaller firebox). 


Care and feeding 


Installing a catalytic stove requires 
a bit more care than does a conven- 
tional stove. The door must be careful- 
ly adjusted to get a tight seal all 
around. The bypass damper (see dia- 
gram) must also be carefully adjusted. 
Both should be checked periodically. 

You start the fire as you normally 
would, leaving the door open to keep 
the bypass damper open and provide 
plenty of air to ignite the wood. Then, 
when the fire is burning, you close the 
doors and adjust the draft control. 

The combustor glows when it ap- 
proaches peak performance. In most 
Stoves you can monitor it by looking 
through a special glass viewing port. 
Air control seems to be quite critical. 
Evena slight adjustment has a consid- 
erable effect on combustor perfor- 
mance. Once you find the proper set- 
ting, however, the fire needs less fre- 
quent attention. 

There are some do's and don'ts. 
Don't burn foil-backed paper; it can 
create a metallic residue that could 
plug the combustor. And don't burn 
coal; it contains metallic impurities. 
It's not even safe to burn paper with 
colored inks, such as comic strips and 
magazines. They may use metallic 
dyes. (And manufactured logs should 
not be used in any airtight stove.) 

Now for the good news. "Dirty" 
wood, such as softwoods with a high 
resin content, can be burned more suc- 
cessfully in a catalytic stove. Normal- 
ly, if you try to burn such woods slow- 
ly, you get a lot of creosote. With a 
catalytic combustor, you burn many of 
the trouble-causing substances. 

You may not want to use a catalytic 
stove on mild days. Even at low firing 
rates the combustor increases the heat 
output so much that the room may get 
too warm. Actually, it's risky to use 
any wood stove in mild weather. It's at 
those nearly closed draft settings that 
creosote literally rains in the flue and, 
according to the EPA, exhaust emis- 
sions are highest. 


Durability 

Nobody really, »wshow long cata- 
lytic combustors will last. Most ex- 
perts say at least three years; some 
say 10 years or more. Most are war- 
ranted for a year. 

When should you change one? Cor- 
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Inside look at a catalytic wood stove 
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Catalytic wood burners need to be spe- 
cially designed; this diagram of the 
Franklin Concorde shows one approach, 
The catalytic combustor sits above the 
combustion chamber exposed to the 
heat and smoke. Under the operating 
conditions shown, air for primary com- 
bustion comes in under the stove and 
enters the combustion chamber at the 
front to feed the wood fire. Secondary 
combustion air enters between the dou- 
ble glass of the doors and is thus heated 
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before it reaches the ca 
tor. There, most of the flammable prod- 
ucts in the smoke are burned. The 
exhaust gases rise to the secondary 
heating chamber, then descend to exit 
through the flue. When the Concorde's 
doors are opened, as when you're start- 
ing a fire, the bypass damper also opens, 
forming a direct path from the combus- 
tion chamber to the flue so the exhaust 
gases flow directly out. (The blower can 
be used to boost heat circulation.) 


ning’s Susan Kalian advises: “If the 
combustor will fire to a high-visibility 
temperature and hold it for several 
minutes, it’s okay.” A replacement 
disc may cost $60 to $80, but the price 
could drop as production increases. 
Changing the combustor is a simple 
matter of removing a couple of stain- 
less-steel pins and allowing it to drop 
free. With some stoves it can be 
removed for coal burning. Solar Key 
will replate the catalytic combustor in 
its furnace at moderate cost. 

I found that the high heat generated 
within the combustor makes it effec- 
tively self-cleaning. Though I tried, I 
could not build up a permanent accu- 
mulation of gunk in the %-inch cells of 
the Corning combustor, or even in 
Applied Ceramics’ unit with Ys- 
inch cells. “Our tests, and those of 
independent laboratories, indicate 
‘hat under normal conditions in a 
well-designed stove, cell plugging 
won't likely occur,” says Kalian. 

The only problem I've found with 
catalytic stoves is one that exists with 
all wood stoves: It's difficult to control 


the heat output at consistent levels. 
But the high heat output of the com- 
bustor magnifies the problem. I plan 
more tests of catalytic wood stoves, 
including a new Royale Scot from 
Cambridge Iron Works that has a 
sophisticated control system designed 
to remedy this problem. But even in 
its infant stage, the catalytic combus- 
tor has spawned the first major 
improvement in wood-burning tech- 
nology since grandfather's day. WE 


MANUFACTURERS OF CATALYTIC WOOD BURNERS 
Alaska Co., Inc., 480 W. Fifth St., Bloomsburg PA 17815; 
Atlanta Stove Works, Inc., Box 5254, Atlanta GA 30307; 
Birmingham Stove & Range, 2631 Huntsville Rd. 
mingham AL 35234; Cami 

Scot), Box 1208, Cambridge, O! 

Colynneo nal, Lt 
Energy Harvesters Corp., Oran 
william NH 03447; Franklin h 
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36378, Smithers, B.C., Can: 
Box 99, Weyers 
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Co. (Warmth & Glo), 60 Shirley St., Timmins, Ontario, 
Canada P4R 1H2; Webster Stove Foundry, 1827 S. Kings 
Hwy., St. Louis MO 63110. 
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Low-drag cars get 


100+ 
mpg 
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Conventional engines 


power the sleek Vikings 


By BEN KOCIVAR 
DRAWING BY RUSSELL VON SAUERS 


Students at Western Washington 
University have developed some ex- 
perimental vehicles that not only look 
exciting but also provide possible 
answers to our energy crunch. 

“They are lightweight, have excel- 
lent streamlining, and have highly 
efficient engines,” says Bill Green, 
engineering technician of the univer- 
sity’s Vehicle Research Institute. 
Such basic characteristics are hardly 
secrets for gaining efficiency. But the 
results of three working projects, all 
called Viking cars, are startling. 

Last summer Viking IV averaged 
87.5 mpg on a cross-country rally from 
Bellingham, Wash., to Washington, 
D.C. The all-aluminum monocoque 
two-seater weighs 1,300 lbs. and is 
powered by a 1,500-cc VW Rabbit die- 
sel that is turbocharged. Tests at the 
GM proving grounds and at the Trans- 
portation Research Center of Ohio 
showed 90.4 mpg at 40 mph, 103 mpg 
at 35 mph, and 73 mpg at 70 mph—all 
while meeting 1980 California emis- 
sion standards. 

The project, directed by Prof. Mi- 
chael R. Seal, head of the research 
institute, has only two full-time tech- 
nicians and has involved about 35 stu- 
dents since the first experimental 
vehicles were tested in 1969. Until 
this year Detroit showed little inter- 
est, but there were lots of contacts 
from Japanese companies and engi- 
neers, particularly Subaru, Mazda, 
Honda, and Datsun, who have donat- 
ed parts, engines, and know-how. 

While the designs are intriguing, 
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they are not entirely original. The 
unusual double-top cockpit shape, 
which cuts frontal area and improves 
streamlining, originated in the 
Abarth Fiat coupes of some years ago. 
The idea, however, is to improve on 
previous designs. 

“When designing a suspension up- 
right for a Viking car, for example,” 
says Professor Seal, “we looked at 
Lotus, Honda, Renault, and Subaru 
parts. The Lotus part, made from cast 
aluminum, weighed less than half. We 
decided to make our upright from cast 
aluminum, cut down the dimensions, 
and change the design to suit our sus- 
pension geometry. 

“The new parts are fitted and tested 
by driving at high speeds over rough 
roads and by sliding the car sideways 
and hitting curbs. When a new 
upright breaks, the part is analyzed 
and the patterns modified to provide 
more metal in the vulnerable area.” 

For safety, the chassis structure is 
designed for crash-situation loading 
rather than merely for normal driving 
requirements. The calculated crash 
forces are such that the occupants 
could survive a 50-mph frontal crash. 
“Dummies have already survived sled 
tests at 41 mph,” Seal reports. 

Streamlining has also taken inter- 
esting directions. At 50 mph, about 
half the total road load is due to aero- 
dynamic drag. Since this drag is 
directly proportional to frontal area, 
the Viking is low and narrow. Even 
with race-car reclining-seat positions, 
the lower limit for roof height is about 
42 inches. So the Viking II has a dip in 
the roof line between two occupants 
to further reduce frontal area. 

But most streamlined bodies pro- 
vide excessive lift, which reduces sta- 
bility. The usual method to reduce lift 
is to fit an under-bumper air dam 


that restricts airflow under the body. 

"We think a better solution is 
arrived at if the underside of the car is 
placed about seven inches from the 
road between the front wheels," says 
Seal. "The smooth underpan slopes 
upward toward the rear bumper so 
that the whole body shape is some- 
what like a wing flying at a negative 
angle of attack. If the airflow can be 
persuaded to split at the windshield 
center line and the air passes along 
either side of the cab instead of over 
the top, lift will be reduced." 

The Vikings remarkable perfor- 
mance has been achieved with virtu- 
ally standard power plants. These 
include a Subaru 1,600-cc engine, a 
1,300-cc Mazda rotary engine, a 1,500- 
cc VW turbo diesel, and an 1,100-cc 
Isuzu two-cycle diesel. In the future 
the Viking V will be fitted with a 1980 
Subaru 1,600-cc engine and five-speed 
transmission; the Viking VI will get a 
1981 Subaru 1,200-cc engine and 
transaxle. Also in the future, Detroit 
may be involved: Ford has offered a 
new Escort engine for Viking VII. 

This latest project will use com- 
pressed natural gas. "We believe this 
fuel will see increasing use in motor 
vehicles in the next decade," says Bill 
Green. "We plan to use a high-technol- 
ogy carbon-fiber-wound aluminum 
gas tank feeding the modified Ford 
Escort engine, and anticipate better 
than average performance and 72- 
cent-per-mile economy." 

Viking IV and V cost about $28,000 
each including labor ofthe two techni- 
cians but not that of the 35 students. 
Two Viking crash cars cost about 
$50,000 each, Green estimates. All of 
this is remarkably little compared 
with what major auto companies 
spend for such projects. The payoff, so 
far, has also been remarkable. WE 


At Bonneville Salt Flats (top), Viking IV achieved 110 
mph using a diesel engine, 166 mph with a Mazda rota- 
ry. At 35 mph, it got an impressive 103 mpg. Above, at 
GM Proving Grounds, are (left to right) Vikings IV, V, 
and Il. At left, Viking VI awaits a crash test 
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A PICTURE ROUNDUP OF NEW PRODUCTS AND DEVELOPMENTS 


Roomy sidecar 

A wedge shape cuts wind 
drag on the 250-Ib. Saluki Fu- 
tura from Britain. The carpet- 
ed sidecar has space for a 
child's safety-harness seat, 
radio, intercom, or other 
items. Hanalean Ltd. (11 Pot- 
tergate, Norwich NR2 1DS, 
England) offers lift-off roof 
and hardtop versions. 


Trailer dome 
Improved stability, less pitch- 
ing and snaking, plus a 16 to 
26 percent fuel saving—all 
reasons for attaching its 
nose-dome to trailers, says 
the British maker, Fibrelock 
Fabrics Ltd. (Westminster 
Rd., Wareham, Dorset BH20 
4SP, England). A car vacuum 
cleaner inflates it. 


Foam-mobile 

Need practice bumping vehi- 
cles aside? A polyurethane- 
foam car made at Sandia Na- 
tional Labs (Albuquerque, 
N.M.) helps drivers learn how 
to counter a terrorist am- 
bush. The dummy auto aids 
in training courier drivers es- 
corting shipments of nuclear 
materials. 
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Solar cells 

Improved production tech- 
niques enable its 16-2000 
solar-cell module to deliver 
35 watts of power—up from 
33 watts last year, says Arco 
Solar, Inc. (Chatsworth, 
Calif.). The module, designed for 
12-volt battery charging, 
converts sunlight to DC at 
9.4 percent efficiency. 


Cool lunch box | 
A layer of dense insulating 

foam, plus a snap-in bottle of 
refreezable Blue-Ice, keeps 

food cold all day in its Hearty 
Lunch Pal, says Divajex (Tus- 
tin, Calif.). The lunch box, un- 
der $10 in stores, has a scuff- 
proof, dent-resistant outer 

shell, says the manufacturer. 
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Energy meter 


Mount its energy meter in- 
side windows and measure 
energy loss or gain on col- 
ored scales, says Solar Miser 
(Rt. 6, Box 97X, Priest River, 
Idaho 83856). Readings let 
you use curtains or other in- 
sulators effectively. Formulas 
convert scale numbers to 
dollars. Price: $14.95 


pee n TA 


C-X aircraft: big payloads, small runways 
The C-X, a proposed long-range, heavy-cargo and tank trans- 
port for the U.S. Air Force, would be able to use 3,000-foot 
runways only 90 feet wide, says McDonnell Douglas. The firm, 
builder of the YC-15 super-STOL test plane [PS cover, Feb. 
'76], has been selected for engineering development of the C- 
X bulk-cargo carrier. The C-X, which could be in service in the 
1990's, would be an intercontinental, air-refuelable craft able 
to carry loads of almost 90 tons. It would be smaller than the 
C-5 Galaxy. Engines: Pratt & Whitney JT10D turbofans. 


Hybrid car 

An experimental car with two 
propulsion systems—a 45-hp 
electric motor and a 75-hp 
gasoline engine (fore- 
ground)—is slated for com- 
pletion early next year by 
General Electric. The five- 
passenger car, designed to 
use either or both systems, is 
a government project 


Sweat-cooled suit 


A super-tough, heat-resistant 
plastic gives its new fire- 
fighter's suit added protec- 
tion over present gear, ac- 
cording to Grumman. The 
suit has more than 10 times 
the strength of conventional 
outfits and allows cooling 
from perspiration, says the 
company. 
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Super sport 

A rear-wheel-drive Escort? 
Only those fat back wheels 
can handle the 300-hp output 
from the turbocharged, fuel- 
injection 1.7-liter engine. Two 
camshafts work four valves 
per cylinder. A front air dam 
and rear wing boost aerody- 
namics. The XR3 from Euro- 
pean Ford is sold overseas. 


Better Boeing 

A brand-new wide-body, the 
medium-range 767 uses 35 
percent less fuel per passen- 
ger than earlier jetliners. A 
new long-span wing and 
lightweight structural 
materials make the plane 
more efficient, says Boeing. 
Electronic flight management 
also saves fuel. It seats 211. 


Ear saver 

It looks like an ordinary DC- 
8—but it doesn't sound like 
one. The new CFM56 turbo- 
fan engine reduces airport 
noise by 70 percent, claims 
CFM Int., the engine's maker. 
The engine will also cut each 
plane's annual fuel use by 
1.5 million gallons. 


Heavy hammer 

The 16.5-ton pile driver, 
shown before a test, operates 
completely underwater, 
pounding piles 984 feet 
down. Surface-powered hy- 
draulics control the giant 
pounder, lifting it as high as 
five feet between strokes. Its 
own weight pulls it down. 
BSP Int., Claydon, Ipswich, 
Suffolk 1P6 OJD, England. 


Bent racket 

Bend the handle instead of 
the wrist—and your racketball 
return will be faster, more 
powerful, and less tiring, 
says Handlelite (Box 1245, 
Northbrook, IIl. 60062). The 
Cheater's "natural" 19-de- 
gree angle lets the wrist ab- 
sorb shock better and re- 
quires less grip strength, 
adds the company. $40. 
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City crampons 
Slip-proof Shoe Chains let 
you stride safely across icy, 
wet, or oily surfaces, says 
maker (Saf-T-Shoe Chain, 
Box T, Mt. Prospect, Ill. 
60056). Attached to a shoe- 
size rubber ring, the 14-oz. 
steel chains pull on easily 
over almost any kind of foot- 
wear, maker claims. 

$15 a pair. 
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IN 
PHOTOGRAPHY 


BY E. H. ORTNER 


One-touch zoom 
Now there's a new Vivitar 
Series 1 70-210 zoom lens. 
inches and 25 oz., it's 
-inch shorter, four oz. 
lighter, and, says Vivitar, 
even sharper than the 1972 
original. The one-touch lens 
offers continuous focusing to 
% life size (at 210 mm). List 
price: $383.95. 


Versatile SLR 
Aperture-priority automation 
plus manual override, with 
continuously variable shutter 
speeds from Yo to eight 
seconds—those are some of 
the expensive features you 
get with the inexpensive new 
Ricoh KR-10. List price: $332 
with f/2 lens. Model 240 flash 
is $83; power winder is $130. 


Soft lens 

Sharpness? Forget it, with 
the Sima SF soft-focus lens. 
It's designed deliberately to 
produce "romantic" and 
"ethereal" photos. The 100- 
mm lens has a fixed f/2 aper- 
ture, comes with accessory 
aperture discs and a neutral- 
density filter disc—all for 
about $50. 


Color processor 
Revolving drum, film tank, 
and chemicals are all kept at 
the same temperature (+2° C) 
by a circulating water bath in 
the Leitz/Jobo CPA 2 color 
processor. Drum rotation can 
be varied from 20 to 80 rpm. 
Prints up to 16 by 20, or 10 
rolls of 35-mm film, can be 
processed at once. $717. 


Motor drive 

A motor for your SLR not 
made by the SLR's maker? 
Acme-Lite Mfg. Co. (3401 
Madison St., Skokie, III. 
60076) makes 'em for Canon 
A-series and Minolta XD and 
XG SLR's. It features two- 
frames-per-second speed, 
continuous- or single-frame 
operation, and LED signal 
light. With case: $110. 


Power handle 

You won't run out of power 
for your flash if you connect 
it to the Power Handle 4000. 
The unit's big rechargeable 
battery gives at least 400 
flashes on manual, says Hin- 
daphoto (1776 New Highway, 
Farmingdale, N.Y. 11735), 
and more with thyristorized 
flash units. It's $175. 


\Nhat's New 


IN TOOLS 


BY V. ELAINE SMAY 


Clamper/spreader 
The jaws of Hirsh's Ultra- 
Clamp can be reversed to ex- 
ert a spreading force. Pres- 
sure pads adjust to angled 
surfaces. Ultra-Clamp comes 
in three sizes: eight-in. 
spread, $10.95; 18-in., 
$13.95; 36-in., $17.95. Buy all 
three, plus a joiner to put 
two together, for $27.95. 


Chimney sweepers 
Drop one of these wire chim- 
ney cleaners down the flue, 
jerk the rope, and it expands 
to the chimney walls. Pull it 
up to clean. If it gets stuck, 
pull the other side of the 
rope to collapse it. The Neu- 
man Chimney Cleaner (Rte. 
2, Ogema, Wis. 54459) comes 
in three shapes; prices: 

$29 to $35. 
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Concrete nailer 

With the Molly Drivetool and 
a few hammer blows you can 
nail into concrete, says Bostik 
(4408 Pottsville Pike, Read- 
ing, Pa. 19605). Just insert 
the special Drivepins or 
threaded Drivestuds into the 
tool and pound the project- 
ing driver. The Drivetool 
costs $8.88. 


Magnetizer 

Want your screwdriver or 
other small tool magnetized? 
Just run it through Magna- 
Tip's middle. Want it demag- 
netized? Rub the tool firmly 
on Magna-Tip's rounded 
side. It's $3 from Jay Gee 
Mfg. Co., 278 S.W. 33rd Ct., 
Ft. Lauderdale, Fla. 33315. 


Drill-powered saw 
Your Y- or ¥%-in. drill provides 
the power for this new band 
saw from Black & Decker. For 
easy cleanups, hook it to a 
vacuum cleaner. The saw 
comes with a wood-cutting 
blade; an optional blade and 
speed-reduction kit are used 
for metal cutting. Price: less 
than $80. 


All-wet grinder 
Sharpen knives, scissors, and 
tools faster and better with 
Wen's Wet Stone Machine 
($90). Water, pumped from a 
refillable reservoir, keeps the 
grinding wheel wet. Result: 
no heat buildup to spoil the 
temper of the edge, says 
Wen (5810 Northwest Hwy., 
Chicago, IIl. 60631). 


\Nhats New 


IN HOME 
IMPROVEMENT 


BY SUSAN RENNER-SMITH 


Stove watcher 

To monitor super-heated flue 
gases that could start fires, 
the Chimney Fire Alert's 
heat-sensing probe mounts 
inside the stovepipe. A sepa- 
rate instrument box shrieks 
when stack temperatures hit 
a preset point. The battery- 
powered alarm costs $90. VT 
Group, Morrisville, Vt. 05661. 


Water-based finish 


As durable as solvent-based 
wood finishes but easier to 
use—that's the advantage of 
Aqua Fabulon, claims Pierce 
& Stevens Chemical Corp. 
(Box 1092, Buffalo, N.Y. 
14240). Nonflammable and 
non-smelly, the finish cleans 
up with water, dries in under 
two hours, says the maker. 
$29.95 a gallon. 


Ventless grill 


You can have a year-round 
indoor barbecue—even in a 
windowless kitchen, says 
Jenn-Air (3035 Shadeland, In- 
dianapolis, Ind. 46226). A 
washable electronic air clean- 
er built into the base of the 
new "Anywhere" grill-range 
filters greasy grill smoke, 
according to the company. 


Midget remote 
Shrunk to fit the needs of 
apartment dwellers—or cot- 
tage owners—the Mini Con- 
troller Il has just four but- 
tons. But the plug-in remote 
controller can switch eight 
lights or appliances on or off. 
Price: $40. Leviton Mfg., 59- 
25 Little Neck Pkwy., Little 
Neck, N.Y. 11362. 


Solar cabinet 

The birch-framed Suntainer, 
an alternative to water-stor- 
age drums, has a corrugated- 
steel front that absorbs solar 
energy. The PVC-lined cabi- 
net holds 60 gallons of solar- 
heated water. Optional tops 
convert it from cabinet to ta- 
ble or desk. $130 from Solar 
Concept Development, Box 
601, Davis, Calif. 95617. 
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\Nhats New 
IN 


ELECTRONICS 


BY WILLIAM J. HAWKINS 


Tape dubber 

Put a source tape in the left 
side, a blank tape in the 
right. This Onkyo dubbing 
cassette desk makes a copy— 
at double the normal speed. 
It contains a mike mixer for 
added effects and, as a play- 
back deck, it will go from one 
tape to the other for continu- 
ous music. $400. 
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Remote activator 
Call your home—from any- 
where—and in 40 seconds the 
BSR responder/controller an- 
swers. Push some buttons on 
your hand-held “beeper” and 
you remotely activate lights 
or appliances. Price: $100. 
Light and appliance modules 
are extra. 


FM to go 

This FM-stereo radio doesn’t 
need headphones . .. or is it 
the other way around? 
Sony's MDR-FN7 is all in 
one. It weighs just 6.5 
ounces, but it's no light- 
weight on features: Push a 
button and it scans stations 
or instantly hops to any of its 
six preset frequencies. $150. 


Message center 
Leaving your office? Push a 
button on that small key- 
board. It sends one of 25 
messages over the AC line to 
the receiver so the boss 
knows where you—and ev- 
eryone else—are at a glance. 
Remotes cost $45; receiver, 
$140. Evince, 5360 Hollister 
Ave., Santa Barbara, Calif. 
93111. 


Cable converter 
Z-TAC is a cable converter 
box with smarts—it's pro- 
grammed by signals sent 
down line from the cable 
company. That means a "pi- 
rate-proof" system for them 
and virtually instant changes 
in service for us. The Zenith 
unit is being offered to local 
cable operators. 


Do-it-all phone 
Auto-redial, 11 programma- 
ble number memories, elec- 
tronic ringer, and music-on- 
hold that instantly discon- 
nects when you lift any 
phone in the house—it’s all in 
this one-piece unit that you 
merely put down to hang up. 
It's $90, U.S. Tron, 125 Wil- 
bur PI., Bohemia, N.Y. 11716. 


Mini-scientific 

Don't let the small size fool 
you—Hewlett-Packard’s new 
Slim-Line 11C is a complete 
programmable scientific cal- 
culator with 15 program la- 
bels and a 200-line memory 
with editing features. It re- 
tains programming when 
Switched off. Price: $135. 
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FOR YOUR CAR 


BY ED JACOBS 


Gentle clamp 


Looking for a versatile clamp 


out damaging them? This 
one from Claymore Tool Co. 
Ltd. (320 High St., Berks SL1 
1NB, England) has round 
spring-steel jaws that can 
handle hoses up to one inch 
in diameter, with a clip to 
hold them closed. 


Knock detector 
PingAlert is designed to de- 
tect potentially damaging en- gy 

gine knock while it’s still in- & 
audible. Geraghty MPG Per- 
formance Products Co. (2696 
Lavery Ct., Unit 28, Newbury 
Park, Calif. 91320) says it’s 
ideal for vehicles with high 
noise levels. Price: $59.95. 


that can close off hoses with- 


Fluid monitor 


Overheated automatic-trans- 
mission fluid can damage 
your transmission. The DIY 
Trans-Lite Hi-Temp Warning 
System from Hayden Inc. 
(1531 Pomona Rd., Corona, 
Calif. 91720) is intended to 
alert you to overheating, and 
prevent damage. Kit price: 
$19.95. 


Rear-seat belt 
Because more people now 
ride in rear seats—with the 
surge in car pooling and cars 
that seat only two in front— 
Hamill Mfg. Co. has devel- 
oped this lap-and-shoulder 
belt for car manufacturers. 
The retractors allow normal 
movement but lock in a 
crash. 


LUV/P'UP plow 


All electrical and hydraulic 
components of the Energy 
Saver plow for Chevrolet 
LUV and Isuzu P'UP pickups 
are attached to the plow's 
swivel sector to allow quick 
mounting. Sno-Way Intl. 
(6761 N. Industrial Rd., Mil- 
waukee, Wis. 53223) 

makes it. 


Oil minder 

Engine oil circulated to Oil 
Check passes through a pho- 
tosensor device that moni- 
tors contamination and tells 
you when the oil is dirty 
enough to need changing. 
It's $41.45 ppd. from Innova- 
tive Electronics Corp., 
Bearhead Rd., Medford, 

N.J. 08055. 


Performance tire 
Continental CS 41's are wide, 
60-series steel-belted perfor- 
mance radials rated for sus- 
tained speeds up to 130 mph. 
They're designed so you can 
mount them on rims up to 
one inch wider than standard 
without clearance or speed- 
ometer-error problems. 
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Automotive 


trouble- 


shooting quiz 


By RAY HILL 


Questions 


1. Inaccurate fuel gauge 


Lately your fuel gauge is about as reli- 
able as a politician's promises. When 
you ran out of gas, the gauge showed a 
quarter-tank of fuel remaining. The 
car has the type of fuel system shown 
in the drawing below. 

Your first trouble-shooting step is to 
check the electrical terminals at the 
fuel sender unit. They look okay: Both 
connections are clean and tight. 

Perhaps a bad ground connection? 
No, the ground connection is clean and 
tight. 

Is voltage available at the fuel send- 
ing unit? To find out, you disconnect 
the gauge's lead wire from the tank 
unit. Connecting one lead of a 12-volt 
test lamp to the gauge's lead wire, you 


VOLTAGE 
REGULATOR 


TO 
BATTERY 
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connect the other test-lamp lead to a 
good ground. 

When you turn the ignition key, the 
test lamp emits a pulsating light. 

A check of the gauge's calibration 
indicates it's okay. For your car, the 
shop manual indicates that with a 10- 
ohm resistor placed between the dis- 
connected sender unit wire and 
ground, the fuel gauge should read 
full with the ignition key on. It does. 

With a 73-ohm resistor between the 
wire and ground the gauge should 
read empty. It does. 

Next you check the fuel sending 
unit itself. Your shop manual says 
that with the wires removed and an 
ohmmeter connected between the 
sender unit's two terminals, the ohm- 
meter should read between eight and 
12 ohms with the float in the FULL 
position. With the float in the EMPTY 
position, the reading should be be- 
tween 60 and 86 ohms. 

You remove the sending unit and 
position the float in the FULL position. 
The ohmmeter reads 10 ohms. As you 
gradually move the float to the EMPTY 
position, the ohmmeter needle fluctu- 
ates wildly. When the float reaches 
the EMPTY position and stops, the ohm- 
meter needle stops jumping. The read- 
ing at the EMPTY position is 70 ohms. 

What's wrong? 


2. Poor mileage, no power 


Mileage on the old family chariot has 
been very poor lately. And at cruising 
speeds the engine seems down on pow- 
er. It's time to play Dick Tracy. 

A compression check indicates that 
each cylinder's compression is within 
specs. 

The engine is long past due for a 


tuneup. You perform one, hoping it 
will solve the problem. New spark 
plugs, plug wires, distributor cap, 
rotor, gas filter, air filter, engine 
breather filter, PCV valve, and char- 
coal-canister filter are installed. 

Basic timing and carburetor curb 
idle are set to spec during the tuneup. 
A quick trip to your local garage indi- 
cates the carb is okay when exhaust 
emissions are checked with an infra- 
red analyzer. 

The electronic-ignition components 
(control module, pickup, etc.) are in 
good shape. 

You haul out a vacuum gauge and 
connect it to an intake-manifold vacu- 
um tap. Engine vacuum at idle is 20 
inches. The needle on the gauge is 
steady. 

Perhaps the ignition timing is off. 
Specs call for 12 degrees BTDC at idle. 
You recheck the timing and find that 
i is, indeed, 12 degrees BTDC at 
idle. 

Reading further in the shop manu- 
al, you find that total ignition advance 
(basic timing plus centrifugal advance 
plus vacuum advance) should be 34 
degrees BTDC at 2,500 rpm. The specs 
call for eight to 10 degrees of centrif- 
ugal advance at 2,500 rpm, and 14 
degrees of vacuum advance. 

You don’t have the kind of equip- 
ment that can measure total advance, 
so you improvise. The timing marks 
on the timing tab can indicate up to 20 
degrees of ignition advance. You care- 
fully mark off an extra 14 degrees 
with white paint, bringing the total 
degrees of advance marked on the tab 
to 34. 

Using a ruler, you double-check to 
make sure that the extra degree 
marks you have added are the same 
distance apart as the degree marks 
put on the tab at the factory. 


You attach a timing light and. 


tachometer to the engine. Then you 
start it and have an assistant hold the 
engine speed at 2,500 rpm. Pointing 
the timing light at the timing marks 
shows that total ignition advance is 
only 20 degrees. 

You disconnect the vacuum hose 
from the distributors vacuum-ad- 
vance unit. The timing marks do not 
change. They still show the advance to 
be 20 degrees BTDC at 2,500 rpm. 

Attaching a vacuum gauge to the 
end of the distributor's vacuum- 
advance hose, you get a steady read- 
ing of 16 inches at 2,500 rpm. 

You shut off the engine and connect 
a vacuum pump to the vacuum tap on 
the distributor's vacuum advance. 
Pumping out enough air so the pump 
gauge registers 16 inches of vacuum, 
you watch the gauge. It does not leak 
down. 

You reconnect the vacuum line to 
the distributor's vacuum advance. It 
fits tightly and does not leak. 

What's wrong? 


3. Car pulls to the right 
when brakes are applied 


Your car, like most others, has disc 
brakes on the front and drum brakes 
at the rear. But whenever you apply 
the brakes, the car veers to the 
right. 

On a deserted road you apply the 
parking brake (holding the brake 
release in the release position). Since 
this doesn't cause the car to veer right, 
you know the rear brakes aren't at 
fault. 

Tire pressure at all four wheels is 
even and at the spec called for in the 
owner's manual. So uneven tire pres- 
sure isn't the cause of the pull. 

The front suspension is okay. There 
are no signs of wear or excessive loose- 
ness. 

Inspection of the steering linkage 
reveals no problems. There is no bind- 
ing or looseness. 

Wheel alignment checks out to spec 
at your local garage. 

An inspection of the front brake 
pads shows that they are not worn 
excessively. No foreign matter is on 
the pads. 

You do notice an interesting thing, 
however. The left front pads are not 
worn as much as the right pads. 

The brake hardware (caliper bush- 
ings, retainer clips, locating pin, etc.) 
is good. 

Wheel calipers show signs of age. 
There is slight fluid leakage and dirt 
behind each dust boot. This, you fig- 
ure, means it's time for a rebuild. 


The left caliper is probably sticking. 

The rotors do not need turning. A 
check with a dial indicator and a 
micrometer indicates that rotor thick- 
ness and runout are within shop-man- 
ual specs. 

You remove, rebuild, and reinstall 
the calipers. Then you attempt to 
bleed them. You have no trouble 
bleeding the right caliper, but when 
you loosen the left-caliper bleeder 
screw, no brake fluid comes out when 
the brake pedal is depressed. 

You remove the bleeder screw, but 
no fluid comes out the bleeder-screw 
hole when the brake pedal is de- 
pressed. 

What's causing the car to pull to the 
right when the brakes are applied? 


4. Heater doesn't 
provide enough heat 


On cold winter days your heater just 
doesn't do the job. Even when you turn 
the controls to the maximum-heat set- 
ting, it's still cold inside. Your car has 
no air conditioning, so that isn't caus- 
ing the problem. 

Reading your car's service manual, 
you find that the temperature of the 
heat coming out of the heater door 
should be 150 degrees F. That's with 
the engine warmed up, the heater con- 
trols turned to the maximum-heat 
position, and the engine running at 
2,000 rpm. 

But, alas, a thermometer held near 
the heater-door opening reads a mere 
75 degrees. 

A pressure test ofthe cooling system 
shows no external leaks. There are no 
internal cooling-system leaks. A dye 
test indicates no combustion gases are 
getting into the cooling system. And a 
look at the oil on the engine dipstick 
doesn't show any water. If water were 
present, the oil would look milky. 

Theradiator cap looks good. A check 
with the pressure tester backs up the 
visual inspection. It holds its rated 
pressure without leaking down. 

The thermostat is new and installed 
properly, so that's not the problem. 
The temperature gauge reaches nor- 
mal operating temperature after the 
engine has been running for about 15 
minutes. 

Radiator circulation is okay. With 
the engine at operating temperature 
and running at about 2,000 rpm, you 
carefully move your hand across the 
radiator core. There are no cold spots. 
The core gradually becomes cooler as 
your hand nears the bottom corner of 
the radiator where the water-pump 
hose is connected. (You run your hand 
across the front of the radiator core to 


eliminate the risk of touching the 
moving fan.) 

The heater blower motor works at 
all three speeds. Air flow from the dis- 
charge door is strong. 

The heater-system control lever is 
okay. Air blows from the heater-outlet 
door when the lever is in the HEAT posi- 
tion. 

The heater-control-valve outlet 
hose is hot. To make sure the valve is 
open, you remove the outlet hose from 
the heater-core inlet and start the en- 
gine. Coolant flows out freely, indi- 
cating that the hot coolant is reach- 
ing the heater core in abundance. 

The heater-core inlet hose is hot 
when you touch it, but the outlet hose 
is cold. 

What’s wrong? 


Answers 


1 « The fuel-tank sending unit is bad. 
It must be replaced. 

The unit is essentially a variable 
resistor. As the float moves from the 
EMPTY to the FULL position, resistance 
decreases in the circuit. So more cur- 
rent flows through the fuel gauge on 
the dash. 

The pointer on the fuel gauge is fas- 
tened to a bimetal strip with wire 
wound around it. When current flow is 
low, as it would be when the tank is 
empty, there is little heat and the 
gauge needle registers empty. When 
the current flow increases, as it does 
when the tank is full, the bimetal strip 
receives more heat and moves the 
gauge needle proportionately. 

What about the pulsating current 
you found at the fuel. gauge’s lead 
wire? That’s normal, caused by the 
mechanical voltage regulator wired in 
series with the fuel gauge. 

Although the electrical system in a 
car is nominally 12 volts, in actuality, 
voltage can vary. During cranking it 
might be, say, 10 volts. When you're 

Continued 
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driving down the road it might be 14.2. 

The fuel gauge reacts to voltage 
changes. But to be accurate, it must 
react only to the voltage change 
caused by the variable resistor in the 
fuel tank's sending unit. So the volt- 
age regulator is used to reduce the 
voltage to the gauge to five volts— 
which will always be available. 

Because the voltage regulator is 
mechanical (rapidly making and 
breaking the circuit), the test light 
pulsates. 


2. The distributor breaker plate is 
frozen, so you have no vacuum 
advance. The breaker plate must be 
repaired or replaced. 

The better engineers can tailor the 
ignition timing to the engine's speed 
and the load demands placed on it, the 
better it performs—so you'll get opti- 
mum power and gas mileage. That's 
why the distributor has both a centrif- 
ugal- and vacuum-advance mecha- 
nism built in. 

The amount of mechanical advance 
is governed by the engine's speed. The 
amount of vacuum advance is deter- 
mined by the load placed on the 
engine. 

For example, if you were cruising 
along at a steady 55 mph, it would be 
ideal to have full centrifugal and vac- 
uum advance. But if you suddenly 
accelerated and the ignition advance 
did not change, the car would start 
pinging, because the timing would 
now be too advanced. 

That's where the vacuum advance 
comes into play. When you accelerate, 
engine vacuum decreases, so ignition 
timing is retarded, and no pinging 
occurs. As the engine reaches a steady 
speed again, vacuum resumes its nor- 
mal level and the timing once more 
advances to full. 

An arm connects the breaker plate 
to the advance diaphragm. When vac- 
uum increases, the diaphragm pulls 
thearm, moving the breaker plate and 
advancing the timing. When vacuum 
lessens, the spring-loaded diaphragm 
retracts, retarding the timing. 

The problem with this car is that 
the vacuum advance doesn't work. 
You know this because, when you 
remove the vacuum hose from the dis- 
tributor with the engine running at 
2,500 rpm, the timing doesn't change. 
It remains at 20 degrees BTDC. 

You know you're getting plenty of 
vacuum to the diaphragm (16 inches). 
And the diaphragm holds the vacuum 
without leaking down. The vacuum- 
hose connection is tight and not leak- 
ing, so that means the breaker plate is 
frozen. 

If intake-manifold vacuum is 20 
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inches, why did you only get 16 inches 
of vacuum at the distributor's vacuum 
advance? Because you were measur- 
ing ported vacuum. Ported vacuum is 
less than manifold vacuum. 

Ported vacuum comes from a small 
orifice located above the throttle plate 
inthecarburetor. Asthe throttle plate 
isopened, more vacuum reaches what- 
ever is connected to the ported vacu- 
um—in this case the distributor vacu- 
um advance. 

Not all cars use ported vacuum to 
control vacuum advance. Some use 
intake-manifold vacuum. In this case, 
vacuum at the advance diaphragm 
should be the same as at the intake 
manifold. Your car's shop manual will 
indicate whether ignition advance 
vacuum is ported or manifold. 

Some newer cars, of course, have 
neither centrifugal nor vacuum ad- 
vance. Ignition timing is controlled 
entirely by computer. 


3 » There isa restriction in the line to 
the left brake. Chances are, the flexi- 
ble line is bad. If so, it must be 
replaced. 

A typical brake system is the one 
shown in the accompanying drawing. 
When you step on the brake pedal, 
pressure is applied to the brake fluid 
in the two lines coming from the 
master cylinder. The pressure reaches 
the wheels after passing through the 
differential valve, metering valve, 
and proportioning valve. 

Here's what these valves do: 

Differential valve: If a brake line 
ruptures, this valve senses it and 


lights up a warning light on the dash- 
board inside the car. 

Metering valve: This holds off fluid 
pressure to the front wheels until 
pressure reaches a certain point—say, 
100 psi. This allows the brake-fluid 
pressure at the rear wheels to over- 
come the spring tension on the rear 
shoes and push the shoes out against 
the brake drum. Without the me- 
tering valve, when you pressed the 
brake pedal the front brakes would be 
applied first and the front of the car 
would dip. 

Proportioning valve: This provides 
less pressure to the rear drum brakes 
than to the front disc brakes. Without 
this, the rear brakes would tend to 
lock during hard braking. 

Most cars will have both a propor- 
tioning valve and a metering valve. 
It's common to house both in a single 
unit. Some cars may not have both 
valves (your service manual will tell 
you about your particular car). 

In our problem here, when you 
apply the brakes the car pulls right. 
When you find that no fluid can be 
bled from the rebuilt left caliper, you 
know the problem is a restricted 

ine. 


4. The heater core is plugged up. It 
must be replaced. You know this 
because everything checks out okay 
up to the heater core. There's hot cool- 
ant available at the heater-core en- 
trance, but the outlet hose is cold. It, 
too, would be hot if hot coolant were 
passing through the heater core as it 
Should. [uj 


Enliven drab walls with 


wood 
moldings 


Classic cornices and 
chair rails can make 
eye-catching wall 
graphics and dividers 


By SUSAN RENNER-SMITH 


Look around the room you're sitting 
in. What hides the seams where walls 
meet ceiling and floors? If your house 
was built before World War II, 
chances are these areas are covered by 
handsome wood moldings. But this 
richly carved decoration could be 
invisible for all the attention we gen- 
erally give it. 

There are other uses, too, for mold- 
ingstrips. They can revive a dull wall, 
give a custom-designed look to an 
ordinary room, and even create 

Continued 


Airy-looking lattice (left) creates a custom 
bed canopy for this striking room. Painted 
lattice strips also form the dramatic wall 
graphics and window frame. Diagram 
above shows (top row) how to assemble 
strips for wall frames and canopy lattice. 
Quarter rounds flank edge casing to form 
the chair rail (bottom left). Two sizes of s4s 
(sanded four sides) molding strips, plus 
lattice (right), are used. 
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Paneled room divider (right) echoes this 
room's elegant wainscoting. Four cove 
moldings sandwich lattice (above, top 
left) to form divider posts. Cove moldings 
also frame the plywood panels. Center 
rosettes are made by mounting base caps 
atop base moldings (bottom left) and 
mitering into four wedges. Crowns and 
coves nailed to square make divider top; 
coves and bases nailed to s4s, bottom. 


Mirror-backed lattice on one side of 
corner produces intriguing light-and- 
shadow pattern. Each grid is best laid out 
on floor—half the lattice strips trimmed 
and laid parallel to form the rear diagonal, 
the other half laid atop, at right angles. 
Cove strips form frame. Glue and brads 
hold assembly together as it's raised in 
front of wall mirrored with mounted 
sheets or peel-and-stick squares. 
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The rich look of carved paneling is 
achieved by nailing sás molding and base 
caps to plywood paneling. No solid lum- 
ber sold today is wide enough to carve out 
paneling in one piece as craftsmen once 
did—so molding is today's means to get 
this effect. Actual molding type used 
depends on the effect wanted. Quarter 
rounds or coves could substitute for the 
base caps shown here. 


` To cope a molding, first set it into a miter 
box with the wall side of the molding up 
against the back of the box (1). Trim the 
piece at a 45-degree angle to expose the 


unique built-ins such as room dividers 
and canopy beds. 

If you live in a modern, post-war 
house, moldings can create the bold 
graphics or classic carved paneling 
that will distinguish your unadorned 
walls from all the look-alikes in the 
area. And if you have been wanting an 
elegant carved wall or wainscoting, 
you'll find that the look you're after 
may be possible only by using mold- 
ings. 

p the old days, they handcrafted 
the molding on the spot," Neil Heflin 
of the Wood Moulding & Millwork 
Producers told me. "They used wider 
lumber, and a lot more of it. If you did 
a room that way today, it would cost 
thousands of dollars." 

Today's wood molding is factory- 
milled and -finished—and a lot cheap- 
er. A major woodworker's catalog 
(Woodworkers' Store) lists a one-inch 
astragal (scalloped shape) molding at 
544 a foot in pine, and a half-round 
rope-twist molding ('-in.-wide pop- 
lar) at $1.50 for four feet. Lumberyard 
prices vary widely, of course, but most 
should be in the 509—$2.50-a-foot 
range, depending on the molding's 
width and intricacy. That's well under 
the cost of wall coverings such as fab- 
ric, custom wallpapers, and prefin- 
ished paneling. 

And though most molding projects 
require careful planning and installa- 
tion, they are not as tricky as you 
might expect. Most wall designs can 
be glued instead of nailed in place, for 
example. "If you're making a super- 
graphic, or a wall frame, you can use 
adhesive," Heflin said. "It's fine in any 
application that doesn't get stress. For 
a door casing or a heavy ceiling cor- 
nice, you'd want nails," he added. 


Designing with moldings 
The first step is to become familiar 
with the varied molding shapes and 


exact profile of the molding face (2). Use 
this as a guide line for the coping saw (3), 
Slicing away excess molding while keep- 
ing blade at a 90-degree angle to the 


sizes. A good way to start is by brows- 
ing through brochures from manufac- 
turers' associations (see list at end of 
article). There are three basic types of 
wood moldings. The first, and cheap- 
est, are unfinished strips of milled 
wood. These give you the greatest 
design latitude, but you do have the 
extra work involved in finishing the 
wood. 

Next there are "toned" wood mold- 
ings, prefinished with a stain. Finally, 
there are wood moldings covered with 
a wood-grain-printed vinyl. These 
prefinished types are more expensive, 
but if their colors match your planned 
decor they can save you time. (The 
smaller molding designs also come in 
unfinished or vinyl-clad plastic. These 
are lighter than wood equivalents, 
less subject to warp, and can be cut 
without splintering. Vinyl moldings 
areoften color-matched to a particular 
line of prefinished paneling.) 

Your local home center or lumber- 
yard should have some examples of 
each of these types. But it's unlikely 
you'll find a full selection of all possi- 
ble shapes (or profiles, as the industry 
calls them). So it's best to plan care- 
fully. Know the effect you want to get 
and what different molding profiles 
will give you that effect. 

Precise measurements are another 
timesaver. Moldings come in two- to 
11-foot lengths. The shorter lengths 
are much easier to work with—and 
most projects will use lengths under 
eight feet. When planning your pur- 
chase, list the specific lengths you'll 
need, then round each measurement 
tothe next largest foot to allow for cut- 
ting and trir ming. If your project 
requires mitering, allow for the width 
of the cut by adding in the width 
of the mitered pieces. (For an inside 
dimension of 30 inches, a three-inch- 
wide piece mitered on both ends will 
require 36 inches, for example.) 


molding face. This cut duplicates the 
curve of the molding (4) so it butts snugly 
against the face of an adjoining piece (5) 
to turn a corner. 


There's one timesaver you shouldn't 
use: Don't just hand your list of mold- 
ing profiles to the lumberyard clerk. 
Insist on picking out the lengths your- 
self (see "Shopping Lumberyards,” 
next page). 


Finish first 


It sounds obvious, but in the excite- 
ment of creation, you may forget: 
Staining or painting moldings once 
they're wall-mounted is a mean job. 
It's usually best to apply your finish 
before putting it up. Where possible, 
it's also smart to assemble your mold- 
ing project on the floor before fixing it 
in place. For supergraphics, paneling 
Squares, and even some room dividers, 
you might consider making a jig to 
ease assembly. Nail a scrap-lumber 
frame on a panel of plywood so that its 
inside dimensions equal the outside 
ones of your graphic. 


Not for walls only 


Think about ceilings. Moldings can 
make a modern rosette to highlight a 
handsome chandelier. They can also 
turn a plain fireplace wall into a clas- 
sic showpiece. Dull doors and cabinets 
can be pepped up with a few well cho- 
sen pieces of molding. They can even 
give plain unfinished furniture a cus- 
tom-made look. And moldings can be 
used structurally to create grilles and 
railings. Once you get hooked on the 
possibilities, you'll never lack for 
home-improvement projects. us 


FOR FURTHER READING 
The Wood Moviding & Millwork Producers (Box 25276, 


e Them Anywhere," a free brochure about 

ished vinyl moldings by the Gossen Co. (2030 W. 
Bender Rd., Milwaukee WI 53209), is available at hard- 
ware stores and home centers. 
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Shopping 
umberyards 


— you can still find quality 


Even in these lean days for 
the wood industry, you can 
buy workable lumber and 

plywood-if you know how 


By AL LEES 


Each time we announce our annual 
plywood projects contest—as we did in 
last November's issue (rules and entry 
coupon will be reprinted next month, 
with a deadline of March 1)—we're 
sure to get several reader complaints 


Coping with 
lumberyard rip-offs 


Many problems originating at the yard 
stem from careless ripping. Top left: | 
needed a %-in, panel halved for trans- 
port, and this is what my yardman 
brought me. He'd thrown the sheet face 
up on what passed for a panel saw—a 
dull, coarse-bladed portable like the one 
shown but yoked to a track. Result: a 
thousand long splinters on both sides of 
the kerf. Top right: When a proper cut 
reveals a large void, you can glue in a 
block; smaller holes are patched with 
wood dough. 

Lumber problems? Bottom left: At 
two unrelated yards | asked for straight 
2x2's for exposed framing. Both yards 
ripped 2x4 studs down the center and 
sold me both halves. By the time they 
reached me, all were bowed and twisted 
beyond use. Bottom right: Consulting 
Editor Rich Day shows how lower-cost 
grades (like this No. 2 spruce) that have 
been stored in the open at the yard can 
be upgraded by air-drying in your 
garage or basement. Just stack boards 
off floor with rows of sticks two feet 
apart to allow air circulation for several 
weeks before edge-milling. 
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about the current quality of plywood 
and lumber available at local yards. 
It's always annoying to:pay more for 
less; and warped, split lumber or badly 
patched plywood can add work (as well 
as waste) to any home project. 

This was borne out by recent jobs 
Tve tackled for PS (see box below), so I 
asked the leading wood-producers as- 
sociations (who often administer their 
own grading programs) how they'd 
advise the general consumer. They 
pointed out that today's trees are 
much smaller than those that were cut 
25 years ago. In order to meet today's 


increased demand, trees are grown as 
a crop and harvested earlier. Smaller 
trees have more knots, and this means 
more patches and edge voids in ply- 
wood, less straight-grain stability in 
lumber. 

The secret to shopping lumberyards 
for quality is: Make your own selec- 
tions off the racks. Never order by 
phone or docilely accept whatever the 
yardmen choose to bring to the front 
counter. It's only human for a yard to 
try to unload the junk that's unloaded 
on them or to substitute when they 
can't supply what you've specified. 


Shopping guides 
canmake you 
aneducated 
customer 


Plywood Encyclopedia 


Just à year ago, PS ran a series of 
charts on plywood grades plus an anal- 
ysis of the grade stamp you'll find on 
most panels ["Choosing Plywood,” 
Jan. '81]. For more data, write Ameri- 
can Plywood Assn., Box 11700, Taco- 
ma, Wash. 98411: “Grades and Speci- 
fications" (C20) is free. A thorough 
"Plywood Encyclopedia" (X505) is $1. 


Wood species books 


Two new booklets detail (and illustrate 
in color photos) how lumber from 
western regions is produced and grad- 
ed. "Vol. 1: Dimension Lumber” helps 
you specify the best type and grade for 
any construction job. “Vol. 2: Selects- 
Finish/Commons-Boards” is a 52-page 
full-color manual to help you identify 
grades and species of boards pro- 
duced in western mills. Vol. 1 is $1, Vol. 
2 is $2; from Western Wood Products 
Assn., Dept. 11, Yeon Bldg., Portland, 
Ore. 97204. 


Redwood Grades and Uses 


This new 8'-by-11-in. folder offers a 
color-photo guide to redwood grades— 
from Clear All Heart to Merchantable 
(unseasoned). It's 50e from California 
Redwood Assn., One Lombard St., San 
Francisco, Calif. 94111. 


Plywood sawing rules l 


Grade stamps 
are still a clue 


Typical lumber stamp shown at right is 
reproduced from WWPA's Vol. 2 (see 
box at left). On appearance grades, look 
for it at ends or backs of boards. Top 
line: small number identifies the mill; 
next is grade (No. 3 Common, here). Bot- 
tom line: symbol indicates grading un- 
der supervision of WWPA; moisture 
content when surfaced (dry, here, as 
opposed to surfaced green, with over 19. 
percent moisture); species symbol (pon- 
derosa pine; others: Douglas fir, larch, 
hem-fir, etc.) For plywood panels, grade 
stamp on back face or edge gives similar 
data, including grades of veneer on both 


faces (see chart below). Plywood grad- 
ing standards have always allowed a 
range of characteristics within each 
grade. Ironically, 25 years ago the stan- 
dard for Grade A veneer allowed more 
than 18 face repairs, but Grade A panels 
back then averaged fewer face repairs 
than today's. Larger trees were being 
cut, with fewer knots. Yet glues and 
manufacturing processes have im- 
proved, so today's panel may have more 
knots but should perform even better. 


Veneer grades that appear in plywood grade stamps 


Smooth surface ‘‘natural finish” veneer. Select, all heartwood or all 
sapwood. Free of open defects. Allows not more than 6 repairs, wood 


grain and color. 


only, per 4 x 8 panel, made iss to grain and well matched doro 


Smooth, paintable. Not more than 18 neatly made repairs, boat, sled, 
or router type. and parallel to grain, permitted. May be used for 
natural finish in less demanding applications 


Solid surface. Shims, circular repair plugs and tight knots to 1 inch 
across grain permitted. Some minor splits permitted. — 


Plugged Synthetic repairs permitted. 


limits. ‘Synthetic or wood 
that do not impair strength 
permitted. 


Improved C veneer with splits limited to 1/8-inch width and knotholes 
and borer holes limited to 1/4 x 1/2 inch. Admits some broken grain 


Tight knots to 1-1/2 inch. Knotholes to 1 inch across grain and some - 
to 1-1/2 inch if total width of knots. and knotholes is within specified 


s. Discoloration and sanding defects - 
mitted. DO splits allowed: Stitching 


Knots and knotholes to 2-1/2 inch width across grain and 1/2 inch 
larger within specified limits. Limited splits are permitted. Stitching 
permitted. Limited to Interior (Exposure 1 or 2) panels 


Clip this part of page and post it at your 
workbench: If you cut plywood only 
occasionally, you may forget which rule 
applies to which power saw. To mini- 


Good face DOWN 


mize splintering on good face, keep face 
up for saws that cut down (bench, radial- 
arm), face down for saws that cut on up 
thrust (portable circular and saber). 
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PSleisure-home plan 


Solar flare 


has double-insulated walls 


By AL LEES 


Here's a country cabin with a special 
flare for capturing solar warmth—and 
retaining it within its double-insulat- 
ed walls. The lower half of the fully 
glazed, two-story south wall flares 
outward to soak up more of the sun's 
rays throughout the year (see section, 
below right). 

Summer warming of the front strip 
of the thermal storage floor can take 
the chill off those cool evenings com- 
mon to lakeshore or mountain sites. In 
winter, the expanded solar exposure 
helps heat the entire 1,596-sq.-ft. 
house—even when no one's in resi- 
dence. 

The flare wall is a light trap, as 
well, cutting down on the artificial 
illumination you'll need for daytime 
activities in the living room, dining 
room and kitchen. 

Under optimum conditions (such as 
that 23-degree sun along the 44th par- 
allel shown in our diagram), 80 per- 
cent of the storage floor in those areas 
(plus part of the second story beyond 
the open railing) will be flooded with 
sunlight. In the basement plan, the 
storage floor is four-inch-thick mason- 
ry faced with slate or quarry tile. 
Where there's no basement beneath, 
the slab is insulated and laid on grade, 
as shown in our section. There's a 
wood-stove backup, as well as an 
optional furnace. 

To retain the heat and ward off the 
cold, the opaque walls are doubled, for 
an insulation value of over R-25. 
These walls have 1x4 cedar siding 
over plywood sheathing, three-inch 
rigid Styrofoam planks, half-inch in- 
sulation board, 1%-inch-thick fiber- 
glass batt and interior wood paneling. 
The outer wall is supported by conven- 
tional 2x4 studs; the inner wall by 
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2x2's nailed to the inner edges of the 
2x4's. 

Double- or triple-paned glass, plus 
ceilings insulated to R-38, complete 
this energy-efficient package—anoth- 
er in the series created for us by Ken 
Gephart of Home Building Plan Ser- 
vice, in cooperation with Western 
Wood Products Assn. (Each HBPS 
home is designed to satisfy all require- 
ments of the Uniform Building Code.) 
The many-angled roof in our sketches 
is metal-clad. 

You can enter the kitchen directly 
from the two-car garage when you 


drive home from the supermarket; 
arriving guests leave their car in the 
drive and walk around the corner to 
the sheltered entry. A coat closet par- 
titions the hall inside from the stair 
that climbs to the two bedrooms (the 
larger of them has a private bath). 
Both bedrooms are open to the solar 
wall at their far end, with a balcony 
overlooking the living/dining space on 
the first floor. The angle of view from 
below assures privacy. 

Your only problem may be finding a 
site with a southern exposure worthy 
of the double-level view. 


matema vat 
woon siono "m 
AUILDING Parea o 
YA? Frwooo SHEATHING a 
F POWYSTYHONE- STYROFOAM, 

INSULATION 1500 
VY aie Stace 7 
YAT INSUATION sono ia 


NYA rbthGUAS watt 


During winter visits, you can expose the 
entire thermal storage floor to solar radi- 
ation—a much broader expanse than stan- 


WOOD PANELING. as 
OUTSIDE AI Fu n 
insint A P ^ 


TOTAL 


dard vertical glazing would allow. Even 
during summer, roof overhang lets sun 
warm the front apron of this floor. 


North walls (sketch above) have minimal glazing and are all dou- 
ble-insulated. Note sheltered entry and living-room window 
corner. Main floor plan (left) shows slight modification for no- 
basement version. 


How to order your plans 


One set of professionally drawn plans for this house is $100; four 
sets—for building, financing, and filing for permits—are $140. 
Specify plan 950-1 (with basement) or 950-1A (without). Plans 
can be reversed as part of four-set order. Materials list is $20; 
typical plumbing or electrical diagrams are $7.50 each; typical 
solar diagram is $10. For plans orders only, use MasterCard or 
Visa by calling toll-free 1-800-547-5570. Or write Home Building 
Plan Service, 2235 N.E. Sandy Blvd., Portland, Ore. 97232. 


JANUARY 1982 | 99 


Hidden water leak? 
Locate it with an 


electronic 
spotter 


Pipes become mini-radio 
stations; tiny spurts 
roar like Niagara Falls 


By BETTE M. ROSS 


“Here?” 

"Yep." 

"That's where it is?" 

"That's where it is." 

Poised over his jackhammer, the 
plumber looks doubtful. But Richard 
Taylor, the man indicating a spot on 
the floor, removes a set of earphones 
and grins reassuringly at a worried 
homeowner. The plumber proceeds to 
rip a hole through a four-inch concrete 
slab in a beautifully decorated living 
room, searching for a suspected water 
leak. 

Taylor and his partner, Lester Mc- 
Cullough, of Richard E. Taylor Engi- 
neering in Los Angeles, are detectives 
of sorts. By adapting existing elec- 
tronic equipment and inventing some 
of their own, they specialize in leak 
detection. They've devised equipment 
to locate lost sewer lines, electrical 
cable faults, and gas and oil leaks. But 
water leaks under slabs—the toughest 
to detect—make up 60 percent of their 
business. 

Originally, the homeowner with the 
living-room leak wasn't even sure 
what her problem was. There was no 
water seepage. A small increase in 
water and heating-fuel use was show- 
ing up on her utility bills. Also, kitch- 
en and living-room floors were warm 
inspots—even on cold mornings, when 
no water had been used for hours and 
any pipes below the slab should have 
cooled off. A plumber who was called 
in, confronted with a possible water Signal transmitter attached to water fix- sensitive receiver is moved back and forth 
leak beneath a concrete foundation in ture near suspected leak (inset) sends over carpeted areas, picking up RF signal 

Continued ^ radio signal through pipes. Antenna for and indicating location of pipes. 
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Complete Satellite Receiver 
System brings you movies, 
concerts, sports events.” 

The Heathkit Earth Station includes a 
heavy-duty, 3-meter antenna, an inte- 
grated low-noise amplifierldown- 
converter, and a receiver with electroni- 
cally-synthesized tuning for stable, 
drift-free reception. 24 channels let you 
receive just about everything the sat- 
ellites have to offer. Special Earth 
Foundation Kit anchors your antenna 
firmly to withstand winds of up to 

100 mph. And it's all yours at a very 
affordable price. 


Complete computer system 
in one compact unit. 

The Heathkit All-In-One Computer takes 
the guesswork out of selecting a bal- 
anced computer system. It includes 
built-in floppy disk drive, smart video 
terminal, heavy-duty keyboard, 12-key 
numeric pad, two Z80 CPUS, and 48K 
RAM -all in one compact unit. Save 
30% over comparable assembled units. 
Heath makes it easy to build with 
detailed, step-by-step assembly K 
manuals that anyone can follow. 

A complete line of software for home, 
work and play is also available. 


If coupon is missing, write Heath Co. 
Dept. 016-852, Benton Harbor, MI 49022 
In Canada, write Heath Co. 

1480 Dundas Highway East, 
Mississauga, Ontario L4X 2R7. 


Heathkit Products are displayed. sold and serviced at Heathkit Electronic 
Centers? in major cities in the U.S. and Canada. See your telephone white 
pages for locations. 

fUnits of Veritechnology Electronics Corporation in the U.S. 

*Viewing of some satellite TV channels may require the customer to obtain per- 
mission from, or make payment(s) to, the programming company. The customer 
is responsible for compliance with all local, state and federal governmental 
laws and regulations, including but not limited to construction, placement and 
tise, For use only in Continental U.S. 


! The first fully programmable . 
keyer stores commands as well 
as text. 
You HAMS will love the Heathkit Matic 
Memory Keyer with custom microproc- 
essor to store up to 240 characters of 
text or commands. Variable-length 
buffers eliminate wasted memory space. 
Command strings take several text buf- 
fers and string them together in any 
sequence for most efficient use of mem- 
ory. Command strings can also select 
speed, weight, spacing and auto-repeat 
count. Integral capacitive touch paddles 
unplug and store in their own compart- 
ment. Put the fun back in CW. 


j Solar Water Heater saves you 
z 7 up to 80% on hot water costs. 
$ As fuel costs rise, the Heathkit 

: Solar Water Heater keeps: 

<> paying you back. Because 

you build it yourself, you 

build it better, for less. And with 

Federal and State tax credits, solar pays 

for itself in no time. Based on computer- 

ized data, we help you select the cor- 

rect system size to produce 50 to 80 per- 

cent of the annual BTU requirement for 

water heating, based on available sun- 

light in your area. So you know it's 

practical before you buy. The system 

includes solar panels, pumps, heat 

exchanger, storage tank, and complete 

assembly and installation instructions. 


Free Catalog 


kits in the new, free Heathkit Catalog. 


See all the newest innovations in build-it-yourself <3 


Send to: Heath Co., Dept. 016-852, 
Benton Harbor, MI 49022. 
Yes. Send me a Heathkit Catalog. 
Iam not currently receiving one. 


i 
l Address 

City State 
| cus Zip. 


| 
l 
| 
| 
l 
l 
Name | 
l 
l 
I 
l 
| 
| 


Amplified stethoscope enables expert to 
hear pipe leak (top); temperature gauge 
confirms hot-water leak (above). 


Faint jet of water spurts from elbow joint 
beneath a living-room floor. To hear the 


104 | POPULAR SCIENCE 


a 2,600-square-foot house, got in touch 
with Taylor. 

To detect such a leak, all water 
must be shut off in the house. A drip- 
ping tap or a leaky toilet can tempo- 
rarily throw off detection. These leak 
detectives use one audio amplifier 
that can boost sound 100,000 times. 
When chasing a hot-water leak, they 
also use a temperature gauge. 

But the first step is locating water 
pipes in a house. For this, a low-power 
RF transmitter is attached to a water 
fixture. The pipes carry the transmit- 
ter signal, and a sensitive receiver 
equipped with an antenna is swung in 
an arc over a path to trace a pipe. 
Then, sensitive microphones and am- 
plifiers are used to listen for the sound 
of a leak along the pipe. Taylor also 
used a temperature gauge for this job. 

The drill breaks through the slab. 
"Wet sand under here!" exclaims the 
plumber. 

"Of course," says Taylor calmly. In 
seven years of locating leaks, he and 
McCullough haven't failed to pinpoint 
the place where excavation will pro- 
vide access to the leak. The plumber 
bails out some muddy sand, uncover- 
ing a copper pipe. Next, an elbow joint. 
Suddenly, a tiny jet of water spurts up. 

"TIl be damned,” says the plumber, 
and begins replacing the joint. 

“As I see it," says Taylor, "plumbing 
and leak detection go hand in hand. 
We never go out on a job until the 
plumber can be there, too—unless the 
homeowner is a do-it-yourselfer. We 
find it, but we don’t fix it.” 

Not too long ago, discovery of indoor 
leaks beneath a concrete slab involved 
two possible solutions, each radical 


sound of such a leak, all water in the house 
must be shut off. 


and expensive. One was making edu- 
cated guesses at the location of the 
leak—rather like looking for a gopher 
in a field of furrows. The other 
involved sealing off underground 
plumbing and repiping through ceil- 
ing and walls. 

Ten years ago Taylor owned a fam- 
ily plumbing business and felt there 
ought to be a less expensive, scientific 
way to locate underground water 
leaks. He hired electronic engineer 
McCullough and began developing 
detection gear. “We built the equip- 
ment we felt would do the job, then 
developed the techniques to use it,” 
says Taylor. 

A few years later, Taylor and 
McCullough formed the Sleuth Manu- 
facturing and Leasing Co. (8460 Cole 
Crest Dr., Los Angeles, Calif. 90046) 
to make and rent the equipment they 
have modified, developed, patented, 
and licensed for nationwide service in 
the field of leak detection. A key 
development was the Sleuth sewer 
locator. G 

"On many old structures,” explains 
Taylor, "the sewer diagrams have no 
relation to the actual location of the 
pipes. We've all had the problem of 
trying to locate pipe that isn't where 
it's supposed to be." The sewer locator, 
using an RF transmitter and receiver, 
doubles as a detector for fresh-water 
pipes in buildings and homes. Taylor 
foresees demand for the technology. 

"Forecasts within the plumbing in- 
dustry indicate that retrofits [remod- 
eling jobs] are the biggest thing on the 
horizon," according to Edward May- 
back, vice-president of the American 
Society of Plumbing Engineers. The 
biggest headache for plumbers on 
remodeling jobs is finding the pipes. 
Taylor explains that "with the Sleuth 
locator anyone can find the sewers." 

Meanwhile, the plumber has fin- 
ished repairing the leak in the living 
room, and it's time for Taylor to get 
back to work. He picks up his leak 
detector, fiddles with some knobs, and 
adjusts his earphones. 

"What are you listening for now?" 
he's asked. 

"Silence," Taylor says. "Leak detec- 
tion isn't an art; like water witching, 
it's a puzzle. You have to put it togeth- 
er from the pieces. You know you've 
got a leak, you have to find the pipes. 
Then you depend on your instrumen- 
tation to get you to the end of your 
puzzle." 

He moves through the rooms, across 
the pipe tracks buried beneath them. 
Not a sound from pipes, from fixtures. 
Finally he sets aside the leak detector, 
removes his earphones. 

"That's the only leak," he says. 
"Can't hear anything more." un 


Never before have money-making opportunities been so 
great for qualified Locksmiths, Now lucrative regular 
lock and key business has multiplied a thousandfold as 
millions seek more protection against zooming crime. 
Yet there's only one Locksmith for every 17,000 peop’ 


Start Collecting CASH PROFITS Right Away 
You're "in business” ready to earn up to $12.50 an hour 
a few days after you begin Belsaw's shortcut training. 
Take advantage of today's unprecedented opportunities 
in Locksmithing for year-round EXTRA INCOME in-spare- 
time—or fulltime in a high-profit business of your own. 
Hundreds we've trained have done it. So can YOU! All 
tools plus professional Key Machine given you with 
course. These plus practice materials and equipment, 
plus simple, illustrated lessons, plus expert supervision, 
plus business-building guidance will enable you to KEEP 
THE MONEY COMING IN! Ideal for retirement—good 
jobs too. 


SEND FOR EXCITING FACTS—No Obligation 
Discover what's in Locksmithing for you—how Belsaw's 
Master-Locksmith-approved training can give you the 
anit po can depend on to EARN MORE—ENJOY LIFE 


Hundreds of Belsaw trained men 
have succeeded in this fascinating 
and highly profitable field . . . 


“Before enrolling I checked 
other courses and also asked 
for advice from several of 
the professional locksmiths 
in my area, They all said 
Belsaw was tops 
and has the 
most versatile 
Key Machine. 
"T always 
wanted to be 
in business 
for myself and 
now Lam 
thanks to 
Belsaw Institute 


David Fairbrother—Dave's Locksmith Service 
Milwaukee, Wisconsin 53209 


“I opened my own business, spare 

time, seven months after I enrolled and 

made a profit of $329 for the first week.” 
B. A. Deberry Littleton, Colorado 


“No more hard. nasty work for me 
Now I have my own business and with 
hardly any effort I average around $50 
a day. Thanks for my new start in life.” 
Sam Walker Prichard, Alabama 


»44 YOU Can Do It Too! 


Start your own money making business! 


Make up 05129? an hour- 
even while learning! 


Get into this booming high-profit business that’s 
Easy to learn—Easy to do— 


* LOCKSMITH! 


40-DAY lan NA 
RISK , S M 


Send for 
details! 


THIS PRO KEY © 
MACHINE IS 
YOURS TO KEEP! 


Find out all about it! Send for FREE Facts TODAY! 
Just fill in and mail coupon below (or 


send postcard) to receive full information 
and details by return mail. DO IT TODAY: COUPON! 


There is NO OBLIGATION and NO SALESMAN Will Call—ever 
RUSH COUPON TODAY 


Telis how you quickly 
train to be your own boss 
in a profitable Sparetime 
or Fulltime business of 
your own PLUS complete 
details on our 10-Day 
NO RISK Trial Offer! 


Train FAST 
at home! 


Easy on You! 


No extra Included With Your 
cost! Locksmith Training 


all phases of 
Burglar, Hold-Up 
and Fire Alarm 
servicing and in- 


stallation. This 
valuable and 
timely instruc- 


tion includes all special tools 
and supplies. ONLY Belsaw of- 
fers such extensive training in 
this rapidly expanding field 

a part of your Locksmith tra 


ADVANCED Locksmi' 
How to change combinations, in- 
stall and service Safe, Vault and 
Bank Safe-Deposit Box locks. 
You learn-by-doing on the locks 
that we supply. You'll find it 
citas and highly profitable 


ALL SPECIAL TOOLS 
AND EQUIPMENT INCLUDEDI 


month to your income.. 
and it won't cost you a pen- , 
ny extra with your training. we, 7 


x AE 
'BELSAW INSTITUTE 


112JField Bidg.. Kansas City, Mo. 64111 


RUSH 


BELSAW INSTITUTE, 112) FIELD BUILDING 
KANSAS CITY, MISSOURI 64111 


= YES, please send me the FREE booklet that * sa, we! 
gives full details about starting my own business in~" " 
Locksmithing. | understand there is no obligation 
and that no salesman will call. 


FOR THIS FACT-FILLED 


Address. | 
Cy 8 ——— -I 


State. Tip 
-— — — uU "— mm um uÀÀ 


X, ARevolutionary Sleeping Experience 


The lightweight Air Bed offers a revolutionary sleeping 

experience. Gently, but firmly supports you with 100% air. 

Features air coil construction with multiple controlled air 

chambers that hold your body evenly and independently. ^  AjrCoilConstruction 
Turns any room into a guest room. The ideal portable 

bed for holiday and vacation visitors...and it stores easily. 


(Ces mie iena hin AIR BEDS). ^ 
Take it camping, in your van, on your boat, in your sum- Twin Size (Mem2339 ^ $49.95 H 


Stores Easilyon Shelf 


mer home; sunbathe and float on it! iB -—— 

Available in twin, double, queen and king sizes. inflates | © KingSize — — (tem2374) 
in minutes with most air pumps or cannister vacuum. 
(High-power air pump available optional) Made of sturdy | 
20 gauge poly vinyl, cleans with soap and water. Repair kit | 


D AC Air Pump (item 0004) $29.95 
DC Pump-12 voits-(Item 0005) $29.95 
Illinois Residents include 5*4 % sales tax. 


and pump adapter included. I J Check/M.O.Enclosed C ChargeMy Credit Card: 
Don't be mislead by imitations. insist on the original, ] MasterCharge C AmericanExpress O Carte 
red velveteen The Air Bed. 10-day Free Trial. If not O Visa O Diners Club Blanche 
satisfied, return it within 10days for refund. Order now! CardNo. Cp. Date. | 
Name 
CREDITCARD ORDERS Nevada Residents Cait Address. 
Wr" 800-648-5600 maasse [^s 
OPERATOR NO. 48, 24 HOURS A DAY, 7 DAYS A WEEK l y. 
790 Maple Lane, Bensenville, Illinois 60106 State Zip 


VLL 


Contem {eer oe 
ROLLY | Seo manto Lane Boneervile i.60108 
Es 


Dept. P PS MEF-001 
—— —Q 


Convert Your Drill Press Into A 
Milling/Drilling Machine 


By attaching our Mill Table to your drill press 
you can perform facing, slotting, milling and 
drilling operations on almost any machin- 
able material. The Mill Table allows precise 
positive movement of any workpiece in two 
directions, just like a full size milling ma- 
chine. Adding our Swivel Vise - as shown 
above - lets you hold small or round parts 
and adds angle machining to the operations 
you can perform. 

MILL TABLE - 17" x 5.5" work surface, alu- 
minum construction, satin anodized, 11" x 
7" travel, wt. 107^, $69.95 + 3.00 S&H. 
SWIVEL VISE - 3" jaws, alum. const., satin 
anodized, wt. 7#, $39.95 + 2.00 S&H. 
END MILLS - Four flute HS steel, s, %e, & 
v." dia., any 3 for $13.95 PPD. 


and PASSIVE SOLAR 
GREENHOUSE 


O New System 3 - “Brookhaven” model 
O Factory insulated triple glazing 

O G.E. Lexan® Shatterproof Panels 

O 40% Tax Credit & State Credits 

O Lean-To, Free Stdg. & Window units 
O Curved Eave, Bronze Tone Finish 
COLOR CATALOG and TAX CREDIT GUIDE: Enclose 
$1. for our catalog and price list, plus our guide to the 
latest federal and state passive solar tax credits and 
qualifications. All kits shipped Freight Prepaid. 

SAMPLE WINDOW KIT: Enclose $5. for catalog and 
tax guide above, plus actual samples of greenhouse alum. 
frames. G.E. Lexan® glazing. assembly manual and 
heating guide 


VISA & MASTERCARD ACCEPTED - In- 
clude all numbers, dates and signature. 

Michigan residents please add 4% sales tax. 
Satisfaction guaranteed. If you are not 100% 
pleased with your purchase, you may return it for a 
full refund. 


FOUR SEASONS 
GREENHOUSES 


910 Route He E PS-201 
Farmi 1735 
Phone: (516): 694.4400 


M. J. LAWRENCE, INC., Dept.Ps-201 
P.O. Box 118B, Washington, MI 48094 
313-798-3598 


Div. Four Seasons Solar Products, Corp. 
(Custom Built & Standard Sizes) 


Cork that hole 


Do you have a hole in your drywall? 
Fill it by driving a cork (slightly wider 
than the diameter of the opening) into 
the hole about “ie in. past the wall sur- 
face. Then spackle, sand, and paint 
the wall.—G. Chambliss 


Envelope file 


To recycle envelopes whose flaps are 
intact, assemble them into a booklet 
for filing paperwork. Glue a strip of 
strong paper along the bottom of the 
envelope, extending about one inch. 
Punch three holes for split paper riv- 
ets, then bind the pages using card- 
board spacers between envelopes and 
heavy-paper covers.—W.E. Burton 


Chandelier cover 


The best way to keep electrical switch 
plates and most ceiling fixtures free of 
paint splatters has always been to 
remove them prior to painting. But 
with some fixtures, such as chande- 
liers, that’s often difficult and incon- 
venient. Instead, just grab a plastic 
trash bag along with a twist-tie from 
your kitchen drawer. Slip it up over 
the chandelier and fasten the top 
around the drop cord or chain. Tape 
any extra’ around the base of the fix- 
ture.—Ruth Austen 
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1279 
List $16.95 


Design it, build it, repair it, use it! 


i THE MASTER 
HOW-TO BOOK CLUB shows you how to f DESEE 
do-it-yourself, and save hundreds of dollars, too! | Ay 


Select 6 fact-filled books 
for only $ 1 95 (total value up to $125.65) 


/ 1982 How-To Projects Calendar List $14.95 
J List $14.95 —— ——— 


1172 
List $15.95 


1323 
FREE! List $10.95 
1214 
3 1247 List $15.95 


"IHE MASTER HANDBOOK OF 
FINE WOODWORKING 


List $12.95 


1244 
List $17.95. 


i294 920 

List $10.95 List $13.95 List $19.95 
1268 1304 

2074 List $18.95 List $16.95 


List $9.95 


nc 
List $16.95 


8434 
List $31.90 
2 vol. in 1 1291 
List $17.95 | 


1982 How-To 


THE ARTOF "HOW WHIT j 
Projects Calendar OG 


Li 
BUILDING 


1128 
List $10.95 


List $16.95 
x1 r7 MEM MEN NEM NEN NUN ARR UR 
[| 


TO BOOK 


BlueRidgeSummit, PA 17214 


Please accept my membership in How-To Book Club and 
send the 6 volumes circled below, plus a free copy of the 
1982 How-To Projects Calendar. 1 understand the cost of the 
books selected is $1.95 (plus shipping/handling). If not satis- 
fied, I may return the books within ten days without obliga- 
tionand have my membership cancelled. I agree to purchase 
4 or more books at reduced Club prices during the next 12 
months, and may resign any time thereafter. 


7 very good reasons l to 
How-To Book Club 


) Blue Ridge Summit, PA 17214 


+ Reduced Member Prices. Save up to 75% on books sure to 
increase your know-how, 

* Satisfaction Guaranteed. All books returnable within 10 
days without obligation 

* dub News Bulletins. All about current selections—mains, 
alternates, extras—plus bonus offers. Comes 14 times a year 
with dozens of up-to-the-minute titles you can pick from 
* "Automatic Order". Do nothing, and the Main selection 
will be shipped automatically! But . . . if you want an Alter- 
nate selection—or no books at all—we'll follow the instruc- 
tions you give on the reply form provided with every News 
Bulletin 


920 1128 1149 1159 1172 1188 1214 1217 
1232 1244 1247 1257 1264 1265 1268 1269 1279 
1291 1294 1304 1323 1342 1371 2074 8434 


* Continuing Benefits. Get a Dividend Certificate with every Name - Phone 
book purchased after fulfilling membership obligation. and 

qualify for discounts on many other volumes Address —— 

* Bonus Specials. Take advantage of sales. events. and Clg en 


added-value promotions 

* Exceptional Quality. All books are first-rate publisher's 

editions, filled with useful, up-to-the-minute info 
ne 


State __ Zip 


members only. Foreign and Canada add 20%.) PSHT-182 


mouldings, 
specialty 
hardware 
finishing 
supplies, 


Please send me your new, hilly illustrated 
112 page 1982 catalog. I enclose $1.00 (for 


third class 
~ age) or $200 
[INIA tirst class postage) 
Theiler, | deps. 50 
Woodworkers’ 21801 Industrial Biva. 
Store’ Rogers, MN 55374 


WINDWATCH™ 


ANEMOMETER —WIND VANE 33495 


Neon lights in indoor indicator show wind speed and direc- 
tion. Decorative indicator with gold dial in dark mahogany 
ase. Designed for desk or wall mount. Outdoor instruments 
of durable aluminum with electric parts enclosed in rigid 
vinyl Housings. Easy to assemble and install. Attach directly 
to root or pole. Comes with wire and materials for instal- 
lation up to 60 feet. Uses regular 120V AC. Unique low amp 
circuit for absolute safety. A fascinating home addition. Five 
year limited guarantee. 15 day trial. Satisfaction or money 
back. Only $34.95 plus $2.00 shpg. Check, Visa/Mast. Chg. 
Give Number and Expiration Date. Immediate Delivery. 


L-11 104 Heimann 
WINDWATCH MFG. San Anon Teras 7206 


EAM! 


REMOVES VOCAL FROM MOST STEREO DISCS 
The Thompson Vocal Eliminator can actually remove most or 
virtually all of a soo vocalist Irom a standard stereo record and yet 
of the bac hed! Not an equalizer! We 

Write or call tor 


SISTI Dept. 31X. 33 Ne superior, Tol 
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TAKING CARE OF YOUR CAR 


By RAY HILL 


Tips for pedal-bleeding your car's brakes 


When using the brake pedal to bleed your 
car's brakes, don't push it rapidly. Rapid 
pumping doesn't allow the pistons in the 
master cylinder to return to their normal 
position (which uncovers holes in the cyl- 
inder bore, permitting fluid to enter the 
lines). Pause after each pumping stroke. 
Also, never push the pedal more than two- 
thirds of the way to the floor. Pushing it all 


the way down causes the seals in the 
master-cylinder pistons to travel through 
a part of the cylinder bore they don't ordi- 
narily visit. This part of the bore may be 
rougher than the part they-normally slide 
back and forth in. It can damage the seals, 
causing leakage and master-cylinder 
problems. Always use fresh DOT-ap- 
proved brake fluid. 


Annoying vibration 

Got an annoying vibration that increases 
in frequency as your car's speed in- 
creases? If it occurs only when the car is 
rolling, it may be caused by a bubble on 
one of the tires. Rub your hand around the 
sidewall on each side of each tire to feel 
for the bubble. Check the tread, too. If you 
find a bubble, the tire must be replaced. 


Check starter mounting 


When making an occasional check of your 
car's fasteners to be sure they're tight, 
don't overlook the starter-motor mount- 
ing bolts or nuts. If they become loose, 
they can prevent the starter from making a 
good electrical ground, resulting in start- 
ing problems. They can also allow the 
starter to tilt, which may cause damage. 


Now you can cash in on the huge demand 
for SHARPENING SAWS and TOOLS. 


Á 


P m 


Make $8% 
an hour... 


or more. Work part time, 
full time, right at home. 
No layoffs. No strikes. 


Provides a steady source 
. of year round income. 


Outwitting a stuck rotor 


Occasionally you'll encounter a stubborn 
distributor rotor. You simply can't pull it 
off (don't neglect to remove the hold- 
down screws on rotors that have them). 
When this happens, first try to pry it off 
using two screwdrivers, as shown. If that 
doesn't work, crack it with a hammer and 
chisel. Chisel in line with the shaft to pre- 
vent damaging the shaft. 


pry 


(it ant ni li 


Removing a fuel tank 


Before removing a fuel tank for repair, 
drain all the gasoline first. With even a few 
gallons of gas in it, the tank will be too 
heavy to handle when its holding straps 
have been loosened. An empty tank, on 
the other hand, can easily be removed by 
one man. Disconnect all tank wires and 
lines before loosening the holding straps. 


This can be one of the most 
important decisions you ever make 
Going into business for yourseif can be the 
most exciting and rewarding decision you're 

likely to make in your lifetime. 

Owning your own business brings you a 
sense of independence. You're the boss, set- 
ting your own work hours. Your own effort 
builds the business for yourself and your 
family. You can achieve great satisfaction 
and profits, if you choose and manage your 
business wisely. That's why so many men, 
just like you, are cashing in on the big profits 
to be made in this fast-growing service field. 

The sharpening business allows you to get 
started with only a minimum investment, re- 
quiring little space and effort for a successful 
operation. It lets you build and expand as 
fast, or as slowly as you like. You pocket 
most of the money you take in, because there 
are exceptionally high profits with no in- 
vestment in merchandise. 

If you need only $200 or $400 extra income 
each month, a sharpening business is ideal 
for spare time. The additional dollars can be 
SPENT for more of the good things of life. Or 
they can be SAVED in a rainy-day fund that 
the family can bank on. 

More sharpening businesses are 

needed every year 

As original equipment continues to climb 
in cost, owners are becoming more con-' 
cerned that the equipment be maintained so 
that it performs like new. This means more 
companies, contractors, carpenters and 
home owners are having their old saw blades 
and tools resharpened many times, where in 
the past, they would have replaced them 
with new blades or tools. This is where you 


BOOKLET | Foley 


can step in with the much needed service of 
sharpening saws and practically any kind of 
tool. 


SEND FOR FREE FACTS TODAY! 
This FREE 
booklet has 

BUSINESS helped 
ron emm | thousands 


Thousands of good men 
have been inspired by this 
fact-filled book into mak- 
ing that first important 
step of starting their own 


business. It can be yours just for the asking. 
It covers these important subjects. ai 

e How much money can you make 

Age, education not a factor 

* No M eed is required — customers bring 

ness to you 

chain saws 


their busi 


ind 
jall towns 


and 
e A sharpening business provides excellent 
retirement income 


rge cities 


Act today, so you can have a 
brighter, more secure tomorrow 
Right now, while this is still fresh in your 
mind, fill-in the coupon below. We will send 
your FREE copy of '"'Opportunities in a 
Sharpening Business of Your Own". There 
is absolutely no obligation and there are no 
franchise fees in starting your Foley Sharpen- 

ing Business. 
Send your name and address to: Foley Manufacturing Co. 
7124 Foley Building, Minneapolis, Minnesota 55418 


Manufacturing Company 
PARURE QWN Send NOW For 4 7124 Foley Building 
ol VOS || Your Free Copy! i Minneapolis, Minn. 55418 H 
TuLTMEG is li 
: This little book $ [] YES, | would like to receive complete details 1 
has helped about how | can easily start a profitable, Foley- 


| change the 
|| lives of thou- 
sands of good 
people, just 
like you. Just complete the coupon. 
clip it out and mail it to us today. 
Get started now for a brighter, 
more prosperous tomorrow! 
24-HOUR ANSWERING SERVICE 


CITY. 


1 
CALL TOLL FREE 1-(800)-328-7140 4 state 


(Except in Hawaii or Alaska) 


| NAME 
1 ADDRESS. 


equipped sharpening shop. Please rush me your Wi 
W FREE booklet, without any cost or obligation, that gi 
gives me full details on how I can quickly start my own 1 
g business. 


ZIP. 
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WORDLESS WORKSHOP 


A $50 check to Mark Lindsay of Ann Arbor, Mich., for the iin from which this 
Was adapted. Send your idea (with Social Security No.) to Wordless, POPULAR . 
By ROY DOTY 380 Madison Ave. New York, NY. 10017, None are returned, 
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SOTZ GARAGE SHOP HEATER 


* PRODUCES MORE HEAT THAN 2 OR3 


bottom kit 
HIGH PRICED STOVES 
* TREMENDOUS RADIATING SURFACE $ 3 4. 9 5 Y 
AREA GIVES YOU MORE HEAT WITH pi 
LESS WOOD 


Before you spend $500 to $600 ona 
wood heater, try the Sotz Heater Kit for 


* BURNS VERY LONG WITHOUT ADDING 
WOOD 


under $60...at our risk. If (within one year) 
"RANOUT P TERED you don't agree it out performs any wood 
e TESTED TO UL. STANDARDS heater money can buy, or (within 1O 


years) if the kit cracks, warps, or burns up, 
your money will be refunded, including 
shipping charges. 

Kit converte a 55 gallon drum (not. 
supplied) into a high capacity wood 
burner. Features large TI34" square door 
opening, cam-lock door catch, and 
spark-proof design. Patented internal 
draft channel, draft control, and airtight 
design allow controlled, efficient heat, 
while limiting metal temperatures of 
barrel to prevent burnup. 

Use of draft control allows you to heat 
large or small areas. Basement installation 
heats your entire home. Great for your 
garage, workshop, or cabin. Top drum 


* EASILY HEAT YOUR BIG FARM BUILDING 


SPECIFICATIONS 

*Heating Capacity: 152000 BTU/hr. bottom drum 
243,000 BTU/hr, double drum. 

*Construction: Door, door frame, fiue collar, draft 
Control internal draft channel of 13 ga. steet legs, 1/8 in. 
steet hinges, latch. catch of 3/16 in. steet nuts and 
bolts, Top Drum: Connector flanges, pipe assembly, 4 
nesting brackets, nuts and bolts. 

*Guarantee: --year trial offer. 1O years against failure. 

*UL testing conducted by RF. Geisser, Engineers. 


PRICE: 
DELIVERED FACTORY 
TOYOURDOOR PICK-UP 
.$38.98 .. $34.95 4 


Bottom. 


Top.. $20.9! » $17.95 squeezes 60% more BTU's from heat 
OUR 25th YEAR normally lost up the chimney. Heavy steel 

VISA AND MASTERCARD RUSH ORDERS k kit bolts together quick and easy. 

CALL 1-800-321-9892 Thousands in use by U.S. Army, Navy, 

(INSIDE OHIO CALL 1-216-236-5021) FREE info. about 55-GAL HEATER (SHOWN), Depts. of Nat. Resources, Agriculture, 

Or SEND CHECK OR MONEY ORDER... heating water, drying wood, fireplace-to- Federal, state and local government 


Sorry, no COD's. woodstove. 15-30 gal. kits also available. ^ agencies. 
: Sotz Corporation, 13639 Station Rd., Columbia Station, OH 44028 


SOTZ MONSTER MAUL 


FAST-N EASY WOOD SPLITTING 


OUR 25th 
YEAR | 


M 2 4. 9 5 DELIVERED 


*Splits most logs in one lick- won't 


stick. 
* No struggling lifting heavy logs up 
. . . SPECIFICATION —— 1 to high priced power splitters. 
Weight: Head-12 Ib. (Total * Drop ‘em, saw ‘em, stand ‘em up, 
weight 15 Ib.) and split ‘em! 
Construction: High-carbon steel *Forget about lost, stuck, or flying 
head, hardened edge. wedges. 
High strength steel *No gasoline, no set-up, no take-. 
handle. down. 
Guarantee: 1-YEAR TRIAL OFFER * No wooden handles to replace. 
+ 1O years against * No gimmicks. Just simple physics! 
failure. We at Sotz have been making the 
Price. $19.95 Factory pickup. same quiet offer for years: Try a 


$24.95 Delivered to your door. Monster Maul at our risk! Within one 
year, if you don’t think it's the fastest, 


VISA or MASTERCARD RUSH ORDERS least tiring method of splitting fire- 

CALL TOLL FREE 1-800-321-9892 wood, let us know, and we will give 

Inside Ohio 1-216-236-5021 you your money back, including 

OR SEND CHECK OR MONEY ORDER. shipping . Plus, is guaranteed 
Sorry No COD's against failure for 10 years. 


Sotz Corporation, 13639 Station Rd., Columbia Station, OH 44028 
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SHOP TALK 


By ALLEES 


Four chain-saw notes 


€ if any readers followed my lead (in a 
recent column) and attended Homelite's 
Tournament of Kings in Charlotte, N.C., 
late in September, they saw quite a con- 
test of chain-saw skills. For three years the 
crown had remained with a family of Ore- 
gon loggers, passing from father to son. 
This year it went international, being 
handily won by a white-haired Canadian 
woodsman who hails from New Zealand— 
Ron Hartill. He'll.be back next year to 
defend his title. 

© Since the climax of the tournament is 
a speed-cutting competition where each 
entrant is permitted to file his own chain in 
advance, I'm reminded that my more 
modest aspirations in chain filing have 
been nicely matched, of late, by Dremel's 
new Chainsaver tool. It's an electric hand 
grinder with three abrasive bits to fit most 
gullet diameters, and sells for around $45. 
To avoid bit changing (which also 
involves adjustment of the filing gauge), | 
got myself a pair of the grinders. The spe- 
cial ripping chain | keep on my biggest 
saw (24-in. bar) calls for bits of two differ- 
ent diameters, so it’s easier to shift back 
and forth between tools as shown in the 
first photo above. The hand file (fore- 
ground) is used only for occasional touch- 
up. 
@ That sheet-steel sawbuck shown in 
the second photo is the handiest holder 
I've found for bucking logs into firewood. 
Note the two short pieces already 
trimmed from either end. What keeps the 
pedestal stable, with an unbalanced log? 
Unseen in the grass, above, is a long steel 
pipe, slipped through holes in one of the 
spread feet of the unit to prevent tipping. 
A chain, one end bolted to the unit, with 
the free end wrapped over the log and 
then snugged down in a clamp, keeps the 
log from spinning. You can buck the entire 
log without repositioning it. The 32-Ib. 
unit is $69.95 F.O.B. from Super Saw Buck, 
Inc., 1093 Bangor Rd., Nazareth, Pa. 18064. 
It's shipped via UPS. 
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@ This past summer and fall, one of the 
chain saws | used frequently was a new 
electric McCulloch had sent me for test- 
ing. As | was typing up my personal-use 
report on it for last month's issue, McCul- 
loch phoned to report it was recalling this 
model because of a potentially defective 
Switch. Seems there had been several 
incidents reported where the saw contin- 
ued to run after the trigger was released or 
the saw had been set down. 

The model in question is the Electramac 
12A, but the same switch is used on the 
10-in. and 14-in. electrics, as well (not on 
the 8). If you own one of these saws you 
should already have received recall 
instructions. (All newly made models will 
say "Type 2" on the saw's label, to indi- 
cate it has the improved switch.) 

| had no problem with the switch on my 
12A; in fact, I'd rated the saw as the safest 
electric I'd ever used. In my report, I'd writ- 
ten: "When McCulloch returned to the 
electric market, they came back strong, 
with four models. And since they'd been 
here before, eight years ago (with an elec- 
tric version of their Mini-Mac), they 
already knew that when you offer a light- 
weight chain saw, with the plug-in conve- 
nience of a portable drill, you'd better be 
sure safety is built in. So they tried to 
make the new electrics goof-proof, with 
trigger-lock switches and double insula- 
tion. All models but the 8 feature a hand- 
guard chain brake designed to stop the 
speeding chain if the saw kicks back. The 
12 and 14 models offer still greater safety 
through automatic chain sharpening: 
Since you can tone up a dull chain by 
pushing a button, there's no temptation to 
force the saw. 

"And the special Power-Sharp chain," 
my report went on, “is a wonder. I’ve been 
using my 12A on weekends for three 
months and have only pressed that Auto- 
Sharp button once. Though McCulloch 
warns that this chain is more prone to 
kickback than others, I've had no hint of 
this in a variety of cutting situations. 

“I've been comparing my 12A with the 


Mini-Mac | tested for our August '73 issue; 
the new electric is gutsier (1% hp, 10.5 
amp) but is as untiring to use. It weighs 
only 8.9 pounds, and (at $90) sells for less 
than the Mini-Mac did.” ù 

To which | could only now add: Just be 
sure its label says “Type 2"! 


Tough nut to crack 


With casual vandalism rampant, it's nice 
to learn that a simple security device 
that's proved successful in checking thefts 
of highway signs is now available to 
homeowners. You can prevent easy re- 
moval of your own outdoor signs, swing 
sets, gates, solar panels, and security 
lights by mounting them with nuts that 
can't be backed off. 

These tapered nuts were designed for 
mounting traffic signs, as shown in our 
photo below. Thefts by teenagers had 
become epidemic: Up to a tenth of all 
state and federal signs—installed at an 
average cost of $75 apiece—were 
snatched off their posts every year. (Next 
time you see a pilfered "Stop" or One- 
Way” sign decorating a kid's bedroom, 
you may not dismiss it as a harmless 
prank if you recall the crippling impact 
such thefts have on maintenance bud- 
gets—and the severe traffic hazards they 
create before such signs can be re- 
placed.) 

These theft-resistant fasteners—called 
Tufnuts—require no special tools for initial 
installation or authorized removal, but 
they can't be wrenched off in the usual 
way. Want to guess how they're tightened 
or removed? I'll print a sketch solving the 
mystery, next month. 


Meanwhile, the manufacturer is making 
the nuts available to PS readers by mail in 
packages of five (for $3.95) or 13 ($8.95). 
Special washers, which fit beneath the 
broad base of the nut to protect the 
mounting surface, are also offered in mul- 
tiples of five or 13 for 50€ or $1. Prices 
apply to all four Tufnut thread sizes (from 
#10-24 to %''-16) and include shipping. 
Send check to Tufnut Works, 236 Monte: 
zuma St., Santa Fe, N.M. 87501. u: 


SSSCOMPARE AND SAV 


FREIGHT PREPAID ON 
ORDERS OVER $ 50. 


WE ARE THE LARGEST SPECIALITY TOOL RETAILER IN NORTHERN CALIFORNIA WITH OUR THREE LOCATIONS. WE CARRY OVER 7000 ITEMS IN STOCK AT ALL TIMES| 


BRAND NAME DOMESTIC LINES AS WELL AS FINE IMPORT TOOLS. ALL AT INCREDIBLY LOW PRICES. 
Lala diii SPRAY TECH 


POWERED MITER SAWS 


Best powered niter 

saws on market, El- 

ectie brakes, Slot 
le ma 


capaci 
TAB accepts vise 
‘and holder set and 

fores with dust bag 
Listi 324 


259% 


Model 24018 has positive 
ist 
Wires SAW. Model LS 1400. Cuts 4.3/4" deep, 
Accepis vise & holder s 3695 


set 

P. ke, Comes with blade & 

Gust bog CAG 24.00 for vise and 
PLANER-JOINER 


holder set.) LIST: $ 489. 


eM design 
tie phase lis V. p 
ath,64"* depth planer. 6 1/8" 
[ret aly assembled, teddy 
‘Comes with blades, sha 
holder , spaner wrench. 


pod 1389 


FINISHING SANDER Modo! BO 4510 
oot tor vete duty angh gations 
of cabinet shops, auto body snaps 
ete. Light weight 2.4 Ib. Power- 
ful 1B amo. motor tuins 12,000 
RPM Ort, action. Al! pall 
bearing construction 


46” 


4" SANDER GRINDER 


ompact, t weight ndusia duly, Power 
10,000 RPM for high elli = 
Vy A Ib. Cones bud 

X nuts, rubber Di 


3/8 CORDLESS DRILL 
REVERSIBLE , 
eotopw — 


e 


Ong hou st chars with renovable 
Most powerful cordiess on 


tery; 

the maiket Comes with charge, 

fate No. aa 99 
tat bie 

JwosPeED RECIPRO orn pie 


Sere meron, case & Medes Liat 3 uoo 0 


u€ CORDLESS SAW 5081 DW 945 
jery, charger, blade, List: $ 138.00 , 

E REVERSIBLE ANGLE DRILL 6300 LR e| 
Side handie depth gouge, wrench. List:129 20129 


AUTOMOTIVE 
TESTING 


EQUIPMENT 
DWELL/TACHOMETER CP 7601 


Four tuning functions: Low RPM, High RPM 
Dwell scale, Point resistance sci 

Heavy duty all metal case protects meter 
and circuitry Wide sweep easy lo read meter. 
For 4,6 & 8 cylinder engines. Two simple con- 


nections for all functions, 56” 


FOR ONLY 
INDUCTIVE TIMING LIGHT CP 7501 


all ignitions. AIT metal pistol gnp, chrome 


ae 39” 


FOR ONLY 


TUNE UP KIT CP 7702 


Inductive timing light CP 7501, Owell/ 


Facog gh cen et 
Rt ene a 


fast estre nggen ft obs guch ap sela- 


This offer expires Jan. 15, 1982 
1/2 H.P. INDUSTRIAL GRINDER c. 


Heavy duty, all metal construction. Ball bearing. 
Motor burn out protection, Comes with grinding 
wheels, tool rests, guards. Weighs 28 Ibs, 


Heavy duty, all steel construction. Ball 
hearing swivel rear wheels.Lifts 2 tons. 
tg MU" high. 
Weighs: 40 1b 


High Quality Features: 
is adjust to any engine. 
rong heavy duly 
construction 


ENGINE 
STAND 


1000 ib. capacity 


VISE-GRIP* (Ionge 
Gift Set TV 


No. 215G DENS 
EITHER SET 


Adjustable Head 


1000 Ib. CAPACITY 


NSK PRECISION TOOLS 


One of the best on the market 


ENGINE HOIST 


Duty Construction. bei 
pd Could be taken. 


Ñ DIAL INDICATOR EE 


FOR ONLY 


0-1" in .001" increments, 
FOR 99 
ONLY 9 


MAGNETIC 
BASE 


with on and ol! switches 
dial indica- 

tors with big backs and 
test indicators with 

1/4" and 5132” stems 
16516. holding power. 


FOR ONLY 


OME TO ANY OF OUR STORES 
AND SAVE EVEN MORE 
Boves M Ig no peat PA Powell St pt 
PETS UO o eat oen 
aneas MAREI Camo PUR EE 


DIRECT FROM 
U.S. OPTICS 
OUALITY SUNGLASSES 
AT FACTORY PRICES 


Each Fack pair features: Impact resistant 
Handcrafted * Polished glass 
ne * Hardened meet frames * 
No non-sense guarant 
FREE limited time po deluxe velour 
lined case with each pair of glasses 
ordered (a $3.00 value). Credit cards 
accepted. Dealer inquiries invited. 
NOTICE: Don't be soos by cheap 
imitations. These are made 
exclusively for U.: pone Optics®. To make 
sure you get the best, order now and if 
not completely satisfied return for 
refund within 30 days. 


World Famous Pilot's Glasses 
These precision flight glasses are now 
available to the public for only $7.95. If you 
could buy them elsewhere, they'd probably 
cost you over $20.00. #20P available in gold 
or silver frame. A $20.00 value only $7.95. 
Two pairs for $14.00. 


m Only 
e 


Aviator Teardrop Flight Glasses 
Flexible cable temples. #30A gold frame 


Professional Driving & Shooting Glasses 

Wide angle amber lens brightens visibility. 

#30D gold frame only. A $30.00 value only 
$14.95. 2 pairs for $28.00. 


To order send check or money order to US. 
Dept itlanta, Georgia. 
e please fill in card Exp. date 


QUANTITY | MODEL »| GOLD | SILVER | PRICE 


$1.00 per pair 
Total 


Credit card orders may call 1-404-252-0703. 


Exp. Date 


FREE case with each pair. 
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Peel-off 


paint stripper 


Easy paint stripper? Just mix the pow- 
der with water, spread the paste over 
any painted surface, and cover with 
the special fiberglass blanket. Wait 
four hours, peel off the blanket—and 
up to 14 coats of paint come off with it. 
That's the British maker's claim for 
Peel-Away, a chemical stripper that 
dissolves and absorbs paint in one 
operation—even on deeply recessed 
moldings. There is no fire risk or dan- 
gerous fumes because Peel-Away does 
not contain methylene chloride, com- 
monly found in other paint strippers. 
But the powder contains caustic sodi- 
um hydroxide and should be handled 
only with plastic gloves. The blanket 
can be reused by scraping off paint 
and paste, and washing in hot water. 

To test the claims PS Consumer 
Information Editor Richard Stepler 
recently tried Peel-Away on a circa- 


1890 marble fireplace that had been 
painted. Having donned the gloves (1), 
he mixed the powder with water to a 
smooth, creamy consistency. Using a 
spatula, he applied a thick covering of 
paste to the fireplace (2). After dipping 
the blanket in soapy water and wring- 
ing it out, he smoothed it over the 
paste (3). After a four-hour wait, he 
removed the blanket (4). (A metal 
scraper helped to remove the paint 
layers along with the blanket.) 

How did it work? Pretty well: Some 
paint came off down to bare marble, 
but there were patches that remained. 
Peel-Away is more time-consuming 
than conventional paint removers, 
but to avoid toxic fumes the extra time 
may be worth it. Peel-Away Corp. (85 
Railroad Ave., Greenwich, Conn. 
06830) is now setting up U.S. distribu- 
tion.—David Scott 


Energy crunch creates new jobs 
for trained technicians. 


Learn at Home 
in Your Spare Time 
as NRI ns You 
for Heating, 

Air Conditioning, 
Refrigeration, 
and Solar Technology 
As energy requirements 

increase and supplies tighten, as 
demands on established technol- 
ogies increase and new ones are 
developed, the need for skilled tech- 
nicians will continue to grow. And 
you can get a head start in this 
booming career field with NRI 
home training. You learn in your 
spare time, develop the professional 
know-how and skills that help ` 
you move ahead. 


Practical Training 

Includes Professional 

Vacuum Pump 

Along with the basic theory you 
need, you get the practical servicing 
tips and actual “hands-on” experience 
with NRI demonstration kits. You get 
necessary working tools like a system 
analyzer, leak detector, tubing and joint 
tools, and more. You even get a top quality 


vacuum pump, a professional “must” for 
evacuating and recharging refrigeration 
systems properly. 


Small Engine Repair 

There's plenty of opportunity for the 
man who can service power mowers, garden 
tractors, chain saws, outboards, mopeds and 
other small engines. Training includes pro- 
fessional tools and an actual 5 HP engine 
you keep, plus optional residence training 
at the Tecumseh Factory Service School 
at no extra charge. 


Electrical Appliance Servicing 

Good appliance people are hard to 
find. NRI trains you for your own full- or 
part-time business fixing everything from 
refrigerators to toasters. Includes professional 
tools and instruments. 


Auto Repair and Servicing 
A good mechanic can work just about 
anyplace he wants. NRI trains you at home 
from headlight to taillight with pro tools 


Includes Optional 
Postgraduate Training 
at York Institute 

Graduates of NRI's Master 
Course are eligible for a week of 
resident training at the world- 
famous York Institute. You'll get 
concentrated training on advanced 
industrial equipment under the 
guidance of expert instructors. 
There's no extra charge for tuition 
or training materials. ..an oppor- 
tunity only offered by NRI. 


Send for Free 
Catalog...No Salesman 
Will Call 

Get all the details in NRI's 
free catalog. It shows lessons, 
equipment, and more about this 
exciting, big field. NRI home train- 
ing works, as over a million students 
can tell you. Mail the postage-paid 
card today and take advantage of your 
opportunities. If card has been removed, 
write to the address below. 


Or check out these other growing fields 


included. Approved by Richard Petty, NRI 
automotive consultant. 


Building Construction 

Save up to 5096 building your own 
home, get a better job, or even start your own 
contracting business. Covers everything from 
foundations to rafters with practical projects 
emphasizing energy-efficient construction. 


NRI Schools 
McGraw-Hill Continuing 
i Education Center 
d'i 3939 Wisconsin Avenue 


Eje Washington, D.C. 20016 
[| Hi | [| We'll give you tomorrow. 


Fac Direct and Save 
usando Use e Free Brochure 
Easy Homeowner Installation 


HELPMATE Equipment Co. Dept. PS-182, Baroda, MI 49101 


aig VOLT A.C. GENERATORS 


ycles, 3000 watts. Wt. 27 pounds, 5°x10” Fan- 
Fh iin rom Ta g or pickup. Operates T.V. All 


power 
year. Guaranteed 6 


sur 32nd 
X1200-watt. 
erator needs no battery. Special de $179.00. 
$50 fer p postage & handling. per unit. 


Box 7160PS, 2821 Mays, Amarillo, TX 79109 
‘Phone: 806/352-2761 


in Er m is 
8 months, $185.0 


THE FUN MACHINES 


that work, too! 


„Carl Mael INC: oss 


TRYKE 
MODELS 
SUPER TRYKE 


PS-12 P.O. Box 1148, Benton Harbor, MI 49022 g 


Kits in th World — Cari Heald, 


Travel Craft at 
BIG SAVINGS 
Easy PREFAB 
Kits from $162 


or cartop 
FACTORY 


BUILT 
from $273 


Smart 


Economic 

FOLDING 

from $475 Basie 

ideal 

Sail Rig Single $36 

$239 16 foot 
Double $46 
Big Sailer 

© 16 foot 557 


FREE 


Action Color Catalog 

With Facts & Figures 
For rush inc. $1 

First Class Postage 


coupon or address 
^ f. to: FOLBOT CORP. PS-182 


Charleston, S. C. 29405 


Address. 


State 


City- 
Zip Code 
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FREE BLUEPRINTS and TRIAL LESSON 


—for your greater success in Building 


Beginners, craftsmen, even foremen and 
superintendents, have sent for these free 
blueprintsand trial lesson in Plan Reading 
as a means of tying out Chicago Tech's 
home-study Builders training. Learn how 
you can master Plan Reading—Estimat- 
E ges the practical details of all types 
construction in your spare time at 
home. Mail coupon below or phone 
TOLL FREE-— see how you, too can pre- 
pare for a better job—higher i income, or 
start your own contracting business. 
© PHONE TOLL FREE (24 HRS.) 
1-800-528-6050 Ext. 810 


CHICAGO TECH/School for Builders 
1737 S. Michigan Avenue, Chicago, III. 60616 


Bepe eae tars michigan Ave, 
Chicago, 1.60616 Michigan Aves gi 


Pisne mal mo a Free Trial Lesson, Bà ints 
ri ipiis 


EC cea £ under 
ion no salesan will call 


i. ———— n 


STAINED 
GLASS 


Send50* for fascinating 
catalog of kits, tools, 
ideas, books, and sup- 
plies. 


id BIG STARTER KIT 


WHITTEMORE, Box 2065DE, HANOVER, MA MASS. 02339 


COMPONENTS AND SYSTEMS 
FOR REMOTE HOMES 


Send $3.00 for Catalog to Dept. PS 
LJ 


232 ANACAPA STREET, SANTA BARBARA, CALIFORNIA 93101 
8059639667. 


CAREER OPPORTUNITIES Looking for anew ob? A pay raisa? A new 
Career? No need to mias cut on job op for your FREE. 
copy of our new guidance book aee Opportuntion a ‘and learn how a 
Pkt ce eM MO Ye pM ipse Check interest. 
1 uu — gm 


€ 


= 
eat hee FRE o page Cre Guido 
Granton institute 1, 263 Adelaide St. 
Toronto, Canada MSH 1Y3 1-(416) 977-1929 
Name 


WOODEN 
Toy Kits- 


Portable Steam Cleaner 


Steam in 60 seconds 
CLEAN: 
Engines, Air Filters, Lawn Mowers. 
3 year guarantee on fire box, coils. Uses 
liquid soap, propane fired. Weight 120 ibs. 
Auxiliary pump required on low water 
pressure. 

WEDCO MFG. INC., Dept. 5-10 

Scott Lane « Box D, Jackson, WY. 83001 


BE A LOCKSMITH 


IT CONTAINS LOK PICKS CAR OPENING TOOL LOOKS FILES 8 KEYS, 
LOCK PICKING. MASTER KEYING, KEY IMPRESSION. 


The “Gelding” Lock Blade 


5" Length Overall - 3° Closed 
* Hand- 
made 
features 
* Surgical Steel Blade 
* Brass Lined Model K-24 
* Brass Bolsters Add 50€ Post. & Handl. 
Black Belt Case Available $1.00 ea. 
Just The Right Size For Cutting Or Dressing 
and Small Game. 
Money Back Guaranteed If Not Fully Satistied" 
WESTBURY SALES CO. DEPT. G-1-PS 
373 Maple Avenue, Westbury, New York 11590 


WMAKE casn) Make Mone 


€ CLEANING CHIMNEYS (s 


Here's one heck of 
easy < an opportunity. You 
with the can now live the life 
August West you want to live. And 
System — a work 
a proven <7 M When you 
method of want to work. 
cleaning Perform a much 
residential needed service. 
wood-buming Wear a top hat 
chimneys in to work. And 
less than an clear more than 
hoar. (And the 100 a day! With the 
average charge 
for this service 


= Bumperstickers 


REPAIR HYDRAULIC JACKS 
Earn while you learn at home. Mil : 
lions of jacks in qas and auto service 
stations, trucking fms, body shops 
riggers, factores and farms need serv 
icing... most of which you can learn 
to repair, We show you HOW. Start 
spate time ia your basement or ga 
fot Bie opportunity tor mechanics 


The Econo-Kit is the only device available to custom 
For FREE details on how you can print bumperstickers. The bumperstickers are dry and 


t in seconds. The kit is leteh le. 
BE A CHIMNEY SWEEP ready touse in pode Trek is completely 


M 
HYDRAULIC JACK REPAIR MANUAL CO., INC. 
G. P. 0. BOX 3 * STATEN ISLAND, N. Y. 1 


The process is simple. No printing press. No inks. No 
complicated typesetting. You can set your message 
easily. Yet the result is an attractive bumpersticker. 
Everyone with a car or a cause is your customer! 

© Political Groups * Religious Bodies 

9 Civic Orge © Sports Fans and Clubs 


with a Message 
Makes Money 


Your cost to make a custom bumpersticker is 20€. 
gem made bum; neri routinely sell for "o 
00 or more. Mi and sell as many as you lil 


automaticaly when phone is answered. 
Records both sides of phone. 


Make and sell your own conversation. 


Ornamental Concrete items. 


production trade secrets 
direct from world’s largest mold prede e: 
Over 350 designs to select from. 


Gare wen Pai catalog of ansmiters vocrscramble's 
con's: T catalog of transmitters, vi 
and other specialty items, enclose $2.00 to US! Corp. 


Protect your 
cash & valuables 
against theft! 


SECRET LOCKED 
HIDE-AWAY 


looks like any 
wall outlet— 
Opens and closes 
like a 
wall safe 


Defies detection 

Holds cash, jewel- 

ry, other valuables. 
Easily installed (ei- 

ther vertically or hori 
zontally) in most walls 

in less than 15 minutes. 
Comes with special key 
to unlock it; easy instruc- 
tions 


HOLDS ALL THIS! 


4 in Spare Time! 


La == —^ Want a great new career but can't 
take time off from job or regular school? Now you can 
learn drafting at home in spare time. No previous exper- 
ience needed. Easy-to-understand home-sttidy course ex- 
plains everything step-by-step... learn by doing at your 
own drafting board. Course includes lessons, books, draft- 
ing board, precision instruments... every- 

thing you need for a fast start. Graduation 
from this course does not insure that you will 
get a job. To find out how our graduates have 
<done, send for our job placement record, 

= Write for FREE FACTS. No salesman will tall - 


NORTH AMERICAN SCHOOL OF OF DRAFTING 
4500 Campes Drive, Dept. PCOCI, Newpor 


af Rae tren tacts. Tel m (a oh 


The Original 


UJRLLIT- 


74" X93" x2" 


Send today for our New Free Catalog of the 
most magnificeht heirloom quality antique 
reproduction clocks you can build. 


Your choice of Grandfather, Grandmother, wall, mantle, 
desk clocks and more. Available from plans or ready- 
to-assemble kits for all levels of skill. With solid 34" 
hand-matched hardwoods in walnut, oak, cherry or Hon- 
duras mahogany. Imported precision movements and 
chimes. Solid brass dials plus tools, hardware, books and 
accessories. You've never seen a finer catalog. You'll never 
build a better clock. 

© Please send me your Free 32 page color Catalog. 

1enclose $1.00 for postage and handling. 


now 
3 only $1 2 95 
+ 1.50 post. & hdig 
Order now; give your home added security 
against intruders. Send to address below, 
with payment. Or—to charge to Visa -or 
Mastercard 
CALL TOLL-FREE 1-800-331-1750 
Ask for Operator 402 
(In Okla., 1-800-722-3600) 
SAVE! We pay postage on orders of 3 or more. 
(Res. of AZ, CA, CD, FL, IL. NY. PA, VA. VT, WI add sales tax) 
TMM WALL-IT, Dept PS012 
P.0. Box 9569, Church St. Sta., New York, N.Y. 10249 


IUMPH * VOLKSWAGEN * AUSTIN. 
If e VINOH * LINVNFY * LVI © dV 


FE Over 700 fenders, hoods, front panels, doorskins, H 
Name. ‚$ rocker panels, rear quarter sections and other replace- C 

& ment panels simplify rust or collision repair on most 
Addre: in import cars. Discount Prices. Available in’ Canada. 
O Send $2.00 for illustrated catalog (Refundable). 
CT — — —— — — Zi i DEALER INQUIRIES INVITED. 
P.O. Box 39474, Dept PS » 


Mason & Sullivan Co. ; TABCO Cleveland, Ohio 44139 È 


Dept.1327Osterville, MA 02655 (216).248.5151 z 
a 'OYOTA * FIESTA. * MERCERES RENZ $. 
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NOW! Get in on the 


Equipment 
PLUS 


All YOURS TO KEEP— 
s+: All At No Extra Cost! 


Send for FREE Facts— Do It TODAY! 

NO Obligation - NO Salesman Calls! 
You risk nothing by accepting this offer to see how 
easily you can learn the skills you need to increase 
your income in a high-profit business of your own. 
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3-Wheeling to Independence! 


\@ "ER 


800-257-7955 
for Free 
Catalog* 


Fred Prosch wanted to keep his independence 
after he stopped driving a car. He said he 
needed safe, reliable transportation he could af- 
ford. He found it. A CYCLE CHAIR, the New 
Aluminum electric 3-wheeler that is different 
and safer. Read what he says about it: 

“I'm 85 years old and use my CYCLE CHAIR 
for local transportation. It's very comfortable, 
easy to operate, and has two safe speeds-6 
mph and 15 mph. | take it to the store, to the 
bank, the post office and also to ride to just 
enjoy myself and get some fresh air. | feel it's 
better than driving a car and much less expen- 
sive, too.” 


*FOR A FREE CATALOG on CYCLE CHAIRS, 
3-Wheelers, and Electric Bike Motors CALL TOLL 
FREE: 800-257-7955 (In N.J. 800-232-6550). CALL 
NOW OR WRITE: 


GENERAL ENGINES CO., PEDALPOWE! 
5481 Mantua Blvd., Sewell, New Jersey 08080 
10 Day Trial and Money Back Guarantee 


MAKE MONEY 
WITH YouR OWN CRAWLER 


CATALOG of Magnatrac 1000 
Crawler Tractor Kit con- 
struction & uses.....*1.00 
MOVIE of Magnatrac in action 
Te (8mm color)...*9.50 
PLANS to build Trac- 
tor yourself...*7.00 


(Alt money refundable) 
STRUCK KIT 


=== Dept.PS12 
Cedarburg, Wisc. 53012 


TA $2.00 WOODWORKER'S Magi 
| MANUAL FOR 50¢ a] l 
150¢ REFUNDED FIRST ORDER | 


Jam packed full color woodworker's manual and 
[7^4 includes simplified veneering & retinishing instructions | 
| veneers. lumber. toy plans. parts. cane. lonia 
p tormure plans. books fools. moldings & more! Send low! 

BOB MORGAN WOOD, DEPT. P4 l 
town 


EE-EEEEEE, SIZES 5-13 
Extra width for men who need it 
in excellent variety, styling 

and quality. Available 

only through our 

FREE CATALOG 

Send for it 


HITCHCOCK SHOES, INC. 
Dept. 46, Hingham, MA 02043 


4 


uei TV@Sovraa 

ENDS WOOD SPLITTING DRUDGERY 
New low cost COMPACT MODEL with trailer type wheels 
and hitch coupler for farmers, camps, 


cottagers. 
10 ton ram, 2 cycles per min., splits 

logs 25" x 18". Also avail- 

able for 8" wheels for 

trunk transport. 

For details wri 


Piqua Engineering, Inc., Dept. K, Box 605 Piqua, 0. 45356 


Burglar-Fire Protection 


Protect Your Life, Home, Business, Auto, etc. 
* Our catalog shows how. Install your own 
alarm systems ond devices and save 5555. We 
coffer FREE write-in engineering service. 


rea Prison oa al, 
CATALOG "Em 


Box 82802-PS Lincoln, Ne. 68501 


Di 14% wont START MAIL ORDER 
SHORE HOME IMPORT BUSINESS 


you a free sample import to prove you can 
make big money in your own spare/full time business. 
No investment in stock, World's most famous impor! 
will guide you. Clip this ad, good for free sample and 
big Free Report — tells all! Offer limited to adults. 
Mail this ad today. THE MELLINGER CO., 6100 
Variel Ave., Dept. T2241, Woodland Hills, CA 91364 


Get the 
OX pulling 
for you! 


12 Volt D.C. 
and 115 Volt AC. 
winches and hoists 


3 on 
NEWPORT ENTERPRISES, I! 
2313 W. Burbank Sivd,, Burbank, Calif. 91806. 


TRS-80® DISCOUNT 


1-800-841-0860 


TOLL FREE | 


z 
WS ~ DIRECT 
| emer wre 


WRITE FOR FREE CATALOG. 


MICRO MANAGEMENT 
SYSTEMS INC. 
DEPT. NO. 14 
Downtown Plaza Shopping Center 
115C Second Ave. S.W. 
Cairo, Georgia 31728 
912-377-7120 Go. Phone No. 


(The above includes postage and handling. Allow approximately 4 weeks delivery). 
BEBEBRBBBEREBEREBEBEBERBESBEBEBEESGSGREREESESEEEBEREBEBEEEREESE 


EREBBERBERERRERERERRERREEEEROERERGNSBEARSENEEEENSORRRNENO 
s Popular Science Indexes +» 380 Madison Avenue, New York, N.Y. 10017 J 
B a 
4 Enclosed is a total of $________ (check or money order). Please send: Hi 
a 0’80 0'79 [178 [177 [376 [175 [174 [173 [1772 ($1.75 each) a 
H O All nine indexes (1972-1980) for $9.00 E 
H Name H 
a 

H ^ Stat Zi H 

Ü 

- y. ate. ip. H 
a C] 
a s 


YOU SAW IT IN 
POPULAR SCIENCE 
- BUT WHEN? 


Nothing is 

more frustrating than 
trying to find that 

article on furniture 
refinishing, how to 

repair a car choke or any 
of hundreds of other 
informative articles 

or items that appeared in 
Popular Science in 1980 
That's why you will 

want a handy, 1980 Index 
to Popular Science 
editorial. It lists 

every item that appeared 
during the year under the 
same headings used in 
the monthly contents page. 


It is still possible to 
obtain a Popular Science 
Index for each year 
beginning with 1972. 
Send for yours today 
with the order form at 
the top of this page! 


Popular Science Indexes « 320 Madison Avenue, New York, N.Y. 10017 


Let Belsaw prove YOU can 
Earn Up To 


Sgub. 


ur spare tims 
ofits with your 
S ni 


VEN 


t ‘cutting E 
J Send for all the facts! 
tei 


Our Free Book t: 


yes, ] BELSAW, 702), Field Bidg., Kansas City, Mo. sams 
lease send me the FREE BOOK that gives full details. : 


J = t 
IN SIMULATED STEREO! 
TELEDAPTER* easily connects to any TV 
and plugs into the Aux., Tape, or Tuner input 
of any stereo amplifier. (TV and stereo can be 
any distance apart) All TV programs will 
come through your stereo amplifier and 
speakers, even Video Tape, or Cable TV 
Shows. Quality electronic circuitry assures 
correct 10 to 50,000 OHM impedence 
matching, for full 50 to 15,000 HZ frequency 
response. The matrix circuitry actually pro- 
vides two channels of simulated stereo. Total 
chassis isolation means protection for both 
your stereo and TV. TELEDAPTER® is also 
great for using stereo headphones and taping 
TV programs. Complete with instructions, 
and TWO YEAR WARRANTY. 15 day trial or 

money back if dissatisfied. 


The TE-200 Teledapter 
--only $3955 Daang” 
Tai 151 008 24 hus RHOADES 


==( SEND FREE CATALOG =====4 
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Your Other Selves 


Awaken the Psychic You 


There is more to you than you suspect. 
Self goes far deeper than surface 
consciousness. Man is not fully 
conscious—that is, using the whole 
potential of his awareness—until his 
dormant psychic energy is developed. 


The occasional hunch, and the 
intuitive flash are attributes of the 
psychic, the real you, awaiting fuller 
expression. The use of these /evels of 
consciousness, which are at your 
command, is but the application of 
natural law. Creative imagination, 
reception of the unspoken thoughts of 
others, the ability to clearly 
comprehend and master circumstances 
are the result of the awakening psychic 
self. 


Free Book 


The Rosicrucians have’ shown 
thousands of men and women 
throughout the world how to make the 
best use of their psychic faculties. 
Write today for a free copy of the 
Mastery of Life. |t presents factual, 
fascinating information on how you 
may learn this unusual knowledge. 
Address: Scribe DMI 


The Rosicrucians canorc) 
San dose, California 95191, U.S.A. 


Scribe DMT 
The Rosicrucians (AMORC) 
San Jose, California 95191, U.S.A. 


1 am very interested. Send a free copy of the 
Mastery of Life, which tells how I may receive 
this knowledge. 


| 
l 
l 
I 
l 
l 
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l 
l 
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SEE THE 
TWITCH OF 
A DEER’S 
NOSTRILS 


AT 200 FT. 


powerful 
telescope is 
just the size 
of an actual 
shotgun 
shell ... 

Looks like a real shell 


See deer close-in as they sniff into the 
wind, hundreds of yards away. See geese 
feeding across a lake half a mile or more 
away. See a whole new world of vivid 
detail with this compact, efficient 
telescope. 

MADE TO THE HIGHEST 
OPTICAL STANDARDS 

This unique optical instrument is made 
to rigid standards of quality — with the 
ingenuity and care the Ji now 
lavish on the optical field. It provides a full 
B-time magnification (more powerful than 
And binoculars), and a 17mm objective 


var get wide, clear, crisp images. 

Genuine brass and blue anodized 
aluminum make it look just like a shell. 
3-drawer, chrome-plated extension brings 
it out to 8", smoothly functions to adjust 
view. Weighs only 1⁄2 oz. Carry it easily in 
pocket or ammo vest. 

TEST IT YOURSELF — AT OUR RISK 

Afield or on water, for every view and 
almost every sport, you'll find this a gem 
that endlessly adds to your pleasure. 

It's a lifetime (and more) investment in 
service and enjoyment. At $14.95, it is 
also a singular value for its superb quality. 
Let us send you one, or more. They make 
long-remembered gifts. Each comes in a 
vinyl case that can slip onto a belt. 

Try it for two full weeks. If not delighted, 
return it for full, prompt refund. To order, 
mail handy coupon below. 


READERS’ SHOPPING SERVICE, DEPT. PSO12 
Times Mirror Magazines 
P.O. Box 9569, New York, NY 10249 

Please send me Shell 
Telescope(s) at $14.95 ea. plus $1 postage and 
handling. 


SAVE: Order 2 for only $27.50 plus $1.25 postage, 
handling. 


O I enclose full pay't of $ 
(Res. of AZ, CA, CO, FL IL, NY, PA, VA, VT, WI, please 
add applicable sales tax) 


Chargeto C Visa 
O Am. Exp. D Diners Club 
p s 


l 
l 
l 
| 
l 
l 
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l 
D MasterCard | 
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l 
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Look-Alike 


*SecuritySystem" 


FOOLS 
BURGLARS 
[n r 


J 


— 


Helps Protect Your 
Home, Factory 
Store, Cabin, etc. 


Stop thieves at the door and turn them back. 
That's the easiest way to protect your property. 
‘Felony Fighter," a replica of an expensive 
burglar alarm system, can be an effective way to 
do it. Just place the ingenious ‘‘alarm'* terminal 
at each of your doors and switch on its light. No 
burglar can know the activator control panel is 
not a real, high-priced complete alarm system. 
The glowing red light, and realistic steel switch 
plate look to any crook like an expensive alarm 
system costing $1,000 or more. 


FELONY FIGHTER™ [FREE BONUS 
"alarm" light works on one 

9-volt battery (not included). 

Keep it on night and day 

pennies a month! An ever-vigi- 

lant warning. Only $9.98. At 

that price you can afford one at 

each door. (You save when you 

order 2 or more.) Mail coupon 

tor prompt delivery. 


Rush new Felony FighterTM at only $9.98 each (plus I 
B5 post. & hdig.) Satisfaction guaranteed or money gi 
back. Also include my FREE Security Decals. I 
CJ SAVE! Order two Alarms, one for each door, 

for just $18.98 (plus $1.50 post.& hdig.) , [| 
O Enclosed is $. 


harge O Visa CJ Master Charge Exp. Date 


FAMILY OF SEVEN CUTS 
HOT WATER BILLS IN HALF! 


Did you know that much of the energy 
used to heat your basement tank of 
water is dissipated right through the 
walls of the tank itself and into your 
storage or crawl space area? 


The Perfect Answer-New Thermar 
Tankless Instant Hot Water Heaters 


If heat losses are created by the need to 
keep large volumes of water standing 
in a tank, why not eliminate the tank? 
And, that's just what Thermar has 
done. In its place we have developed a 
tiny, super powerful, instantaneous 
heating unit which ACTUALLY CREATES 
HOT WATER AS YOU USE IT. A micro- 
Switch on the unit automatically turns 
on the moment hot water is needed 
Then a continuous stream of delightful. 
sparkling hot water flows from the tap 
for shower or wash basin. IMAGINE — 
as much hot water as you want — 
produced in a never-ending stream as 


long as you need it. 


The ordinary Tank-Type Hot Water 
Heater is the most "Energy Costly" 
appliance in your home. In this day of 
rising costs and energy consciousness, 
a new THERMAR TANKLESS INSTANT 


Tankless Heater Provides Endless Hot Water 


The Hughson 
family just took 
7 showers in a 
row — the 7th 
was as hot as 
the first — and 
they're saving 
hundreds on 
their hot water 
bills too. 


Sound, Simple, Money-Saving Idea 


HEATER should be considered by every- 
one interested in saving money and 
saving energy. 


STORAGE TANK TANKLESS 


DAS S rg 
Z2072g AAANN 


Tankless design is 
small in size. doesn't 
Store heated water — 
but creates it on 
demand. Uses no en- 
ergy until you need 
hot water. Can pro- 


Storage tanks keep 
large volumes of water 
heated ... all the time. 
Tank cycles on and 
off 24 hrs. a day — 
even when you're 
away. Tank can also 
"run out” of heated duce 120 gallons and 
water when needed. more an hour! 


ULL. Listed Electric 
and AGA Certified Gas Models 
Thousands in Use Around the World 
You'll recover the initial costs many times 
over in fuel savings as the years pass. 
And, you'll enjoy a lifetime of hot water 
— shower after shower after shower! 


FOR FREE CATALOG AND DETAILED INFORMATION 


THERMAR 


FILL IN AND MAIL THIS COUPON TODAY! 
Johnson Power Tech 
Melrose Square P.S. 12 
w————É-» Greenwich, CT 06830 


1 would liketo cut my hot water heating bills in half! Please RUSH your FREE 
catalog of THERMAR INSTANT, TANKLESS HEATERS. Include details of the 
absolutely unique 10 year guarantee and replacement plan. | understand that | 
am under no obligation to buy anything and no salesman will contact me. 


Name __ 
RUE SS E — 


City State 


—X ees po acs 
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175 SE SPORTS CARS 
You Can Byild from Kits 


KITCARS ." 


For less than the price of an 
ordinary compact aar" 


I the models/manutacturers © In-depth 
is e Specs © How-to it Tont, Rear and Mid- 


] crv saterz 


# 
[| C Master Charge O Visa Expire Date 
[| Order TOLL-FREE Day or Night 
Master Charge or Visa REQUIRED! 
4800) 331-1000, Operator 666 
Operator CANNOT answer questions! No CODs! 
= ZEE SEN ERU SEED END IIS ee URDU 


cA 
Mortising 
Situation, 


Suppose someone told you a woodworker could | 
be in a mortising situation if his bare face was | 
showing? Poor punology yes, but a common 
furniture-making practice is to make legs and 
rails flush with each other by using a barefaced | 
mortise-and-tenon joint. 

Fine Woodworking magazine speaks this 
language to more than 200,000 readers—people 
seriously interested in making beautiful things 
out of wood. Whether you are an aspiring novice 
or an accomplished expert, you'll find it an 
especially informative magazine, with finely 
detailed articles about techniques and tools, 
materials and design. It's written by master 
craftsmen who share their many years of wood- 
working experience. And it's printed on heavy 
paper to withstand years of reference. All back 
issues are in print and indexed periodically. 

If you. want to become a better woodworker, 
send $14.00 for a one-year subscription (6 issues). | 
Or call us toll-free, 1-800-243-7252, to charge 
your order to Visa or MasterCard (Connecticut | 
residents call 1-426-8171). 


Fine 


124 | POPULAR SCIENCE 


The Taunton Press | 
52 Church Hill Rd. | 
P.O. Box 355LC 
Newtown 
Connecticut 06470 


FREE 


GARDEN 
CATALOG 


* Over 80 Beautiful 
Color Pages 


*X Money Saving 
Values 


* Satisfaction 100% 
Guaranteed! 


PLANTS 


Details included with your catalog. 


Í Spring Hill Nurseries — "eet 


ILL- 


N611Z 


[6523 N. Galena Road, Peoria, IL 61632 
C Please rush money-saving FREE Garden 


qp Catalog wih Free 


[| Name. 


lants offer. 


[| 
Address 
[| 


— 


The Remarkably 
Versatile Knife 


Tucks Handily Into Pocket 


The multi-purpose knife for every 
unexpected job; to clip a newspaper, 
remove a screw, cut a rope, smooth a 
fingernail—and more. Six tools fold into 
a slim 21⁄4" satin-finish stainless steel 
case. Scissors, blade, nail file, screw 
driver, cuticle pusher, tweezers. 
Precision-made in Japan. $12.95 
postpaid by Ist class mail 


Send check with order or charge to Visa, Mastercard, 
American Express. (Add applicable sales tax in 

AZ. CA, CO, FL, IL, NY, PA, VA, VT, WI). 

Order Stock #4155 


TMM POCKET KNIFE, Dept. PS012 


L P.O. Box 9569, New York, N.Y, 10249 


Build Your Own 


Grandfather Clock 
Prices Starting Under 


5299 


(including movement 
and dial) 

* Do-it-yourself case 
kit, parts pre-cut 

* Finished clocks 

* Solid 3/4" hard- 
woods: black 
walnut, cherry, oak 

* Heirloom quality 

* Factory direct prices 

* Solid brass West 
German chiming 
movements 

* Money back 
guarantee 

* Prompt shipment 


MASTERCARD and 
VISA ACCEPTED 


WORLD'S LARGEST MANUFACTURER 

OF GRANDFATHER CLOCKS 

Industrial Park 
1a 36532 


Easy-to-Reach 


right on belt 
only $2.98 


End the nuisance (and expense) of glasses falling o 
of your pocket when you bend down; of misplacir 
glasses when you need them most. Or, not havir 
pencil or pen handy when you want it. End bulgir 
pockets, too—orink-stained shirtand jacket pocket 

Handy quick-draw belt holster will carry yo 
glassesand pen at the ready, and out of the way, rig 
on your belt. Especially designed for every size 
shape of glasses (sun glasses, too), and for easy 
and out carrying and removal. 

Leather-grained plast-o-hide for long wear. Lint 
inside to protect and clean lenses. 

A lifetime value at only $2.98, plus 75¢ postage ai 
handling. 2 for$5.50+$1 post. andhdlg. Residents 
AZ, CA, CO, FL, IL, NY, PA, VA, VT, WI add applicat 
sales tax. To order, send check or money order to 


TMM HOLSTER, Dept. PS012, P.O. Box 9569, 
New York, N.Y. 10249 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


REWIRE AN OLD HOUSE e INSTALL 
DIMMER SWITCHES e SET UP AN INTER- 
COM AND DOOR CHIMES e PUT IN 
| WIRING FOR HEAVY-DUTY APPLIANCES 
| © CORRECT ELECTRICAL CODE VIOLA- 
| TIONS AND FIRE HAZARDS « GROUND 
YOUR TV AND RADIO ANTENNA * WIRE 
YOUR GARDEN, POOL OR FOUNTAIN e 
PLAN AND INSTALL ALL THE WIRING 
FOR A NEW HOUSE, VACATION HOME, 
RANCH OR FARM e AND MUCH MORE. 


An Original 
Popular Science 
Book 


Postpaid 


TAKE THIS 
BOOK FOR win this new book at yout side, a have a master 
electrician in pictures and print guiding your every 
10 DAYS step whenever you tackle any electrical wiring job— 
large or small—around your home, farm or ranch. 


FREE 


Over 500 illustrations show you how, step-by-step. 
You see how to do it in close-up photos and precise 
drawings of all the hardware, tools, systems and tech- 
niques. So absolute beginners as well as experienced 
handymen can accomplish any wiring job easily, pro- 
fessionally—with confidence and safety. 

Speaking of safety, the entire book—text as well as 
illustrations—has been prepared with the assistance of 
the Fire Protection Association, publisher of the 
NATIONAL ELECTRICAL CODE. So you know the 
technical savvy is first-rate. 

Covers basics and advanced jobs, 
Beginners will appreciate the chapter on “Basic Wiring" 
that provides super-clear explanations on stripping wire 
and all kinds of splices and connections, using the latest 


| aes 10 DAY FREE TRIAL COUPON 77777] 


POPULAR SCIENCE BOOKS P21P 
Box 2018, Latham, N.Y. 12111 


Please rush. — copy (ies) of BASIC HOUSE 
WIRING (No. 109) to me. 


[1]! enclose $1395 .now for each copy ordered. 
(You will pay ivery charges.) 


for each copy ordered 
ing charges. 


Addres: 


City. Zip. 
not fully satisfied. 


It's easy to be your own Bic House 
home electrician with just 


this book as your guide... 


By Monte Burch 


hardware, tools and professional shortcuts. In no time, 
you'll be able to handle all sizes of wire, armored cable 
and pla: sheathed conduit and connect them to any 
fixture, switch, junction box or other device. How to 
wire door chimes and other low-voltage devices. 

Once you master the simpler jobs, you'll be ready for 
more complex ones. For example, rewiring an older 
home, including the planning and installation of 240- 
volt circuits for heavy-duty appliances. Installing fused 
and circuit breaker entrance panels 

You'll even be competent to plan and install all the 
electrical service for a farm or ranch, from setting up 

"yard poles" to jet pumps. 

From testing to troubleshooting and planning to in- 
stallation of any electrical service in your home, ranch 
or farm, this excellent guide is a master teacher that can 
improve your skill and save you money. 

Take advantage of this 10 day fre trial offer right 
away-—mail in the above coupon today! 


Build a HAHSA? — a safe, outdoor wood furnace 
| Ls supplies your indoor heat and hot water. 


10. Supplies Domestic Hot Water Year 


Build a HAHSA 
and cut down 
your heat and 
hot water utility 
bills to as low as 
zero! Yes, we do 
mean it — $0.00. 
You can — the 
way many smart homeowners have. With a 
Safe, practical HAHSA, à far better 
investment than a wood or coal stove. 


THE HAHSA BASICS 

A HAHSA (Heating and Heat Storage 
Apparatus) is a wood burner located 
outside your house in its own little 8' x 10° 
block structure—a self-contained heating 
system connected to your house by 4 pipes 
buried underground. 

It burns wood and paper, cardboard or 
scraps and stores heat until you need it, 
thanks to 18 tons of sand. Chances are that 
it will pay for itself in 12 to 18 months. 
That's what users tell us. After that, it's like 
having a little gold mine in your 


backyard— year after year. 
HAHSA IS 10 WAYS BETTER 
THAN AWOOD OR COAL STOVE 


MEME . 
= 


—m| 
-— 
Em — 


Connecting Pipes 
Underground 


1. Safe. Unlike a stove, it's outside. No fear 
of fire, explosions or choking gases. 

2. Clean. No smoke, dirt, ashes, termites 
or bugs inside your house. 

5. Efficient. Uses less wood than a stove as 
well as paper, cardboard or scraps. 

^. Stores Heat. Because a HAHSA is well 
insulated, it supplies heat for hours, even 
days, after the fire is out. Burn it only a few 
hours every other day in summer—yet your 
water always stays hot. M 


ised in 
the press by: 


The Mother 
Earth News, 
The Christian 1 Eo 


Handyman, 
Popular 
Mechanics 


5. Healthy Heat. Not the dry, 
smoky heat of a wood or coal stove. 
6. Versatile. A HAHSA can work with the 
solar system you have or plan to install. 


7. Simple. The HAHSA ties in directly to i 
your hot water radiators, hot water 


baseboard or hot air systems via a heat 
exchanger. 


8. Long Lasting Performance. Every part [| Name 


of a HAHSA is custom designed, tested and 
proven in use. 

9. You Can Do It Yourself. Our plans give 
you step by step instructions. The cost ET 
materials is about $1600. Or you can save ff 
time and put your HAHSA to work faster by 
purchasing key parts from us. 


irritating, lá 


| PNE 


Round. Because the HAHSA is outside, it 
can be used during the warm months also 
— so it never stops saving you money! 

We are licensing franchised dealers—a 
terrific business opportunity. Write or 
phone today. 


START SAVING NOW 


Don't delay. Mail the coupon now. Send 
$1.00 for general information or $20 
for complete plans and everything you 
need to knowto go HAHSA. 


@ Call 717-388-6172. 


on eee eee 
Jt: HAHSA, Box 112-Z 


Falls, Pennsylvania 18615 

want to go HAHSA. Please send me: ff 
[] Complete plans, drawings, 

instructions, material cost lists, — M 


J Pies general information. $20.00. 
oO 


General information about HAHSA. 
$1.00 to cover printing and mailing. [| 
CO My check or money order is enclosed. 
O VISAor [ ] Master Charge 
(Please print or type) 


* 


Interbank (MC) 


Address — 


State Zip 
LLLI JI ee ee ee ee E 
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HERE IS A 
BEAUTIFUL. 
5 WAY TO 
Jj MAKE 

MONEY! 


@ HE 


LEARN UPHOLSTERY AT HOME . . . restore old chairs, 
sofas to like-new condition! A clean, enjoyable way to put spare 
hours to profitable use. Old cast-offs picked up for dollars, worth 
hundreds when reupholstered! Fascinating home study course in- 
cludes tools, kits, supplies. Earn as you learn — start your own 
business! sEND FOR OUR FREE BOOK TODAY! GET A BIG 
ILLUSTRATED 24 PAGE BOOK ON UPHOLSTERY and the 
upholstery business and a sample lesson showing. 
how the fabulously successful MUI system is taught. 
It costs you nothing to get the information and 


there's no obligation. No salesman will call. l! 
SEND FOR OUR FREE BOOK TODAY! 
Modern Upholstery Institute, 


8447 Fiekd Buiding. Kansas City, Mssoun 64111 
Tem uas us um RM AR URS San e un un um 4 


MODERN UPHOLSTERY INSTITUTE T | jp horto, books. Period hdve. revolving 
^ framing, 
J| 8347 Field Building, Kansas City, Mo. 64111 I robes re end € 
m ae | 
perm — I | TEAR OUT AD. MAIL TODAY. 
city CONSTANTINE Est. 1812 


TUNE YOUR GUITAR. 


Like A Professional 


This 


$9. 95 plus $1. 


shipping and handling, 
Money tuck guarantee 


ED SALE, Studio 58A , Grand island, Fla. 32735 


In a tractor, what's beautiful is the way it 
works. And no tractor works more beauti 


fully than Power King. Because there's n 
tractor quite like Power King. Its pu 
tractor, tough and practical clear through 
With all-gear drive for extra power and 
traction. Durable as can be...American- 
built with oversized components. Ground 
clearance twice as high as many competi- 
tors, fof big implements and cultivating 
taller crops. In 6 models, up to 18 hp., plus 
25 attachments. That's beautiful! 

See your Power King dealer Or send 
$1.00 for brochure and dealer list to 
Power King. 05 A-1 Anoka Avenue 
Waukesha, WI 53186. cas 


Power Kine 
ONE TOUGH, BEAUTIFUL TRACTOR 
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104 page Catalog 
Fine wood, veneer 
lays, hardware 
tools, finishes, cane 
upholstery, clock kits, books, plans 


| PARTIAL CONTENTS: 14 kinds cabinet & 
| 


furniture woods. 79 veneers 3ft. lengths, 11 
fancy burl & crotch, 19 flexible veneers to 36” 

x 8 ft., 54 carving blocks, 118 chisels & 
carving tools, 76 assembled inlays, 39 clamps, 72 
lamp parts, 73 wood picture kits. 500 plans, 96 


2053 Eastchester Rd., Bronx, N.Y. 10461 


C Send new Woodworker Catalog. $1 enclosed. 


[m] Also $2.50 for ive Veneer Craft" 
to manual. Simple knife-cutting techniques. 
projects & 35 patterns for making decorative 
vencer designs. Perfect catalog supplemen 


how- 
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: 
: 
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NOVELTIES 
TRICKS + JOKES 


EA ert] 


CATALOG Eit 6 00E: 


5i ‘Lb. Lift Magnet 


With Stainless Steel Handie 


mS 


Enjoy. Satellite TV Now 


Better than Cable TV—Over 200 TV and radio 
services. Why waste money? Learn the whole 
story and build a video system the family can 
enjoy. No commercials, FREE movies, sports 
and Vegas shows — worldwide, crystal clear 
reception connects to any TV set. Big (8x 11 in.) 
loaded with details, photos, kits— 
| TELLS EVERYTHING! Satisfaction Guaranteed. 


Send $8.95 TODAY! Add $2.00 for 1st class (air mail) or call 
our 24 hour C.0.D. rush order line (305) 862-506! 


GLOBAL ELECTRONICS, 
| PO. Box 219-A, Maitland, Florida 32751 


prayer cards. tags. etc. ng. empty 
Dena Printing Business. « 


Print For Profit > 
a 


io 
sj 


'alalog. 
Kelsey Presses, 82-CA, Meriden, CT 06450 


INON- 
IGUNS! 


That's right. these precision: 


* 
Pral e 
! Model shown: Lese bar per rd 5505 


The, Y' ARMOURY, Inc. K 
LE Sitters LANE, ALEXANDRIA ROINA zzv D 


Easy do-it-yourself plumbing 
saves hig money 


It’s easy to do most 
Plumbing jobs with this 
new book as your guide. 
Fix leaky faucets, burst 
pipes, balky toilets, 
clogged drains, install 
new fixtures and all the 
pansu in a new 
jouse. Clear instruc- 
tions and 471 illustra- 
tions make you a pro. 


mm. o i TRIAL COUPON ®' 


1 POPULAR SCIENCE BO 
Box 2018, Latham. NY 12111 
a Please rush 


P21P 


copy(ies) of DO-IT-YOUR- 
SELF PLUMBING (Book No. 097) to me. 


| 

| 

| 

1 C) enclose $13.95, plus $1.85 to cover delivery and handling | 
M charges, for each copy ordered | 
| 

| 


C] Bill me later for $13.95, plus $1.85 to cover delivery and 
handling charges, for each copy ordered 


Name 
Address 
City State 


1 or Canadian E Exchange 
lee e Money back within 10 days if not fully satisfied e us es; 


LOG SPLITTER PARTS 


2-STAGE CAST IRON 
GEAR PUMPS: 
11 GPM at 650 PSI. Kicks 
down to lower GPM and 
2500 PSI. Right hand rotation (direct couple). 3600 
RPM max use with 5 HP or greater and 3*5" to 4Vr 
bore cylinder. 
15 gal 2 stage. use 8+ hp. 
22 GPM use with 10HP or greater. 
in-out ports, Y+” cylinder 
se 


Y 
Ede nw 


With pressure sensitive dotent, hands free on 
return stroke. 9 


e 


4-WAY CONTROL VALVES 
Built-in relief valve, 


3*4" bore x 18" stroke x 1%" rod. 
3%" bore x 24" stroke x 14," rod. 
4" bore x 24" stroke x 1*4" rod 
Welded type (can go UPS) 
4" bore x 24" stroke x 2" rod (Heavy Duty). 
5" bore x 30" stroke x 2" rod 


Briggs Recoil start * 
shaft »| 
6 hp Tecumseh... 9138 


CAST IRON SLEEVE ENGINES 
8 HP Tecumseh Recoil start 1" shaft m 
10 HP Tecumseh Recoil start 1" shaft 
10 HP Electric start sn 
Vertical shaft engines available. 3; to 16 HP 


Send 11.90 for Catalog on Valves, Cylinders, 


Engines, Go Kart parts. Or send $5.00 
for Catalog end Splitter Design Fact Book. 


NORTHERN HYDRAULICS 


.O. Box 1221 Dept. PS-1 


Burnsville, MN 55337 * (612)094-8310 


New High Limb 
Chain Saw 
THE EASIER, 
SAFER WAY TO HUNE 


Y 


a 


Razor Sharp 
Teeth Cut 
Clean and Fast 


* Cuts branches 
up to 30 ft. and 
higher 

Prevents serious ladder accidents 
i Works on any wood 

Cuts heavy limbs quickly, easily 
Sharpens like any conventional 
chain saw... While you stand 
` safely on the ground. 


Now it's easy, fast and safe to cut limbs up 
o 25 ft. high. And you can cut even higher 
by adding more.rope to each end of saw. 

The High Limb Saw is a specially con- 
Btructed chain blade which features 
BIMATIC carbon steel cutters (Pat. Pend- 
ng). Designed for hand use and maximum 
utting efficiency when blade is drawn in 
either direction. 

Complete outfit includes: 24” BIMATIC 
[Chain Blade, two 25 ft. control ropes, Safety 
Throw. Only $24.95, plus $2 shipping, 
handling, 

ALSO AVAILABLE: Professional 

odel,” with 48" Chain Blade, two 25 ft. 

ontrol Ropes, Safety Throw Weight. Cuts 
arger limbs, works even faster. Only 
535.95, plus $2.25 shipping & handling. 
Complete satisfaction guaranteed or 
oney refunded promptly. 
To order and charge to: Visa, Master- 
ard, Am. Exp., or Diners— 
CALL TOLL-FREE ANYTIME 
1-800-331-1750, Operator 425 
(In OK, 1-800-722-3600) 
I----- or Mail This Handy Coupon -. 
eaders Shopping Service P8012 


imes Mirror Magazines 
P.O. Box 9569, New York, NY 10249 


Please send me the HIGH LIMB CHAIN 
S AW(s) indicated below: 
[1 #4156 Homeowner's (Standard) Model 
t$24.95 + $2 shipping & handling 
| #4157 Professional Model at $35.95 + 
[2.25 shipping & handling. 


'O, FL, IL, NY, PA, VA, VT, WI add applicable sales tax) 
harge to: O Visa D MasterCard 
D Am. Exp. O Diners 


Account # Exp. — 


ROWING Apa, 


sh per Ib.? 


Everyone has thrown this little-known 
asset away. It is thrown away in every 


office, home, and all other buildings, In- 

dustries throw tons of it away annually. 

Only one person out of 1,000 save it, the 

other 999 don't realize its value, and the 

buyers want it kept that way! Millions of 

dollars worth go unclaimed, discarded 
year! 


pay $5 per Ib. for all of this material 
that you collect. Save yours, buy it from 
other uninformed persons for $2 to $3 
per Ib. 
Our buyer's handbook will detail this $5 
a ib. item plus 3,000 others worth 
$1-$7,440 per Ib. Average, price we pay 
$ wo of these (metals) 


find them, buy for huge profits, and how 
to ship (we pay shipping). This is a new 
field with huge income potential, can be 
done, part time. Handbook cost is $12 
plus $3 postage and handling. We gladly 
refund book cost $12.00 with Ist ship- 
ment, or within 10 days if dissatisfied. 
For Credit Card Orders only call: 616-979-4075. 
Poley's Industrial Salvage Co. 


ges Rd.. Battle Creek, MI 49017 


1098 CHARLES AVE., DEPT 45 @ ST, PAUL, MN 55104 


Nowav 
Ah optionat 
floorboargs, 


The Quality Alternative to 
High-Cost Inflatable Boats! 
Why pay $600. to $1000. or even more for 
an inflatable boat? 


Sea Eagles pack small, last for years and 
cost $110. — $540. 

Canoes, dinghies and motormount boats 
for fishing, river running, camping and 
yacht tending. 


Sea Eagle 8, shown: e 9'7"x 4'6" e 31 Ibs. 
* Holds 4 adults e3 hp capacity «Costs $220. 


Write for our FREE brochure: Sea Eagle, 
Dept. PS1B, St. James, NY 11780 
Orphone: 

516-724-8900, 8:30 AM to 4:30 PM EST. 


Be an 
ELECTRICIAN 


k Te 
e CONSTRUCTION e MAINTENANCE 
* CONTRACTOR 


Train at home in spare time 


No previous experience needed. Experts show 
what to do, how to do it...guide you step 
step. Even before you're ready to go after a 
full-time job as an electrician, you could be making 
extra money doing odd jobs for friends and 
neighbors...and saving money on your own 
electrical work. Learn to specify and install wiring, 
operate and control motors and generators, use and 
maintain transformers and storage batteries. 

You'll learn how to use electrical instruments, 
how to find short circuits, overloads and open wires. 
You'll be ready to take almost any electrician 
licensing examination, Because opportunities vary 
from time to time and from one part of the country 
to another, we encourage you to check on the job 
market in your area. 


ELECTRICIANS average more than 
$11.00 AN HOUR! 


Don't count on getting into a union or earning union wages 
as soon as you graduate, but these figures from the U.S. 
Dept of Labor Occupational Outlook Handbook show that 
electricians are among the highest paid construction 
workers. In 1978, n" rates in metropolitan areas for 
electricians averaged $11.25 an hour after Mer appren- 
tice training program. Union wages were even. 

Employment of construction electricians is expected to 
increase faster than the average for all occupations through 
the mid-1980's. 


NO NEED TO QUIT YOUR JOB OR REGULAR SCHOOL 


Everything is explained in easy-to-understand language 
with plenty of drawings, diagrams and photos. And you learn 
at your own home in spare time. No time wasted 
traveling to class. Consultants are as close as your telephone. 
No charge! Use our toll-free 24-hour home-study hotline as 
soon as you énroll! 


igher. 


Here are just a few of the subjects covered in 
your course. 


Principles of Lighting, Heating, Air Conditionin 
Conductors and Condui 

Lighting ControI— Transformers and Stor 

teri 


You receive everything you need to get 
you off to a fast start! 


with your course... pl 
Electrical Code—the “Electri 
Bible" that gives you all the require- 
ments and do's and don'ts of proper 
electrical installations. ^ 
E Ne 
, no , 
wilca Nt) 
——— MA II 
ELECTRICIAN SCHOOL, Dept. PCOC1 
ICS Center, Scranton, PA. 18515 


Rush free facts that tell how | can train at 
[| home in spare time to be an electrician. 


pus 
AY Kex 
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| These four matched volumes tell you and show you everything 
any building or carpentry job...from fixing a roof to building 
even building an addition or a house! 


Take this 4-volume 


Cutting to length 
with miter gauge 
and stop rod.’ 


+ Science Book Club, YOU get 


ber of be eget p tool FREE 


iem 
TU wis handy $! 


As a new 


How Popular Science 
Book Club Works 


Just mail the postpaid card to get your $27.95 4-VOLUME 
CARPENTERS AND BUILDERS LIBRARY. Send no money 
now. We'll bill you later for only $3.95 plus delivery and 
handling. 

Then, about every four weeks (13 times a year), 
you'll receive a Club bulletin describing the coming main 
Selection and alternate books also available. In addition, 
up to 4 times a year, you may receive selected mailings on 
seasonal products of special interest to the membership 
— many at giant bargains! If you want the main selection 
only, do nothing. It will be sent automatically. If you don’t 
want the main selection, or want alternate books, or no 
books, simply indicate your wishes on the Instruction 
Form that comes with the bulletin and return it to us by the 
date shown. Club mailings are carefully scheduled to 
assure you at least 10 days in which to do this. But in the 
unlikely event that you don't have 10 days, and you 
receive an unwanted selection, you may return it. 

After receiving your joining shipment, your only 
obligation i is to buy two more regular selections or alter- 
nates in the next year. After that, membership may be 
cancelled at any time, by either you or the Club. 

Club books are comparable in every way — paper. 
printing, binding, jacket — to original publishers editions, 
yet you may save up to 50% and sometimes more on 
many special bargains offered each year in the Club. To 
become eligible for these bargains, mail the card today! 


(regular price 
$27.95) 


3 when you join 
Popular Science Book Club 


S A CLUB MEMBER, you'll have the opportunity to choose from 
hundreds of superb, up-to-date books on a wide range of home 
handyman subjects every year. (Your only obligation is to buy two of 
them.) You'll be offered books on home improvement, repair and work- 
shops, remodeling, house building, energy, insulation, wiring, plumbing, 
cars, car repair, electronics, appliance repair, furniture building, ma- 
chines, technology and more. It's always your choice and there are many 
bargains to choose from! 


This information-packed 4-VOLUME CARPE 2RS AND BUILD- 
ERS LIBRARY brings you professional, easy-to-understand how-to on just 
about every build-it-yourself question you'll ever have. . . 

You get a complete how-to book on woods and woodworking tools, how 
to do all kinds of joinery and cabinetmaking joints, how to do kitchen 
cabinet construction . . . and more. 

You get a complete how-to book on all standard specs of every element in 
house construction, including how to read plans and make your own... 
how to lay out a home workshop . . . and more. 

You get a complete how-to book on laying out the foundation, how to do 
concrete block construction, house framing, chimneys, fireplaces, porches, 
patios, insulation . . . and more. 

You get a complete how-to book on every aspect of roofing, flooring, doors, 
windows, stairs, plus how to use stationary and portable power tools, plus 
tips on painting, maintenance, repairs, termite protection... and more. 

You get step-by-step instructions on everything from reading a building 
plan to building a house (including the foundation), doing all the carpentry 
in it—and keeping the house in A-1 shape for a lifetime. And thousands of 
show-how pictures make it all amazingly easy, even for a novice. Let's look 
at a few of the remodeling and fix-it jobs you learn how to do... You learn 
how to replace worn or missing shingles. How to fix chimney fiashing leaks. 
How to repair stairs (or build them from scratch). - 

If doors need fixing or fitting, you can find out how to 
do it from these books. If you want to lay new flooring, 
you can just turn to these books to find out how to do a 
first-rate job with wood-tile, linoleum, asphalt, rubber or 
ceramic tiles. If you want to build a fireplace, you'll find 
out exactly how from these books .. . 

This marvelous 4-book library also 
tells you how to use all kinds of power 
tools to maximum advantage (most 
of them have great versatility). You 
learn about woods—their character- 
istics, strengths, best uses. You learn 
about fasteners—nails, screws, bolts, 
more—their holding power, size- 
strengib ratio, and how to use each. 

These books teach you scores of tricks and shortcuts used by carpenters 
for measuring, cutting, raising, fastening, finishing—every technique and job, 
They give you the answers to just about every carpentry question you'll ever 
have. And they can save you thousands of dollars in the years ahead. 


you need to know to do just about ; 
a foundation, installing new paneling, 


Learn how 
to read plans, 


1320 pages of 
illustrated how-to 
Handy Library Size 
5%” x 84,” 
Hardbound editions 
THOUSANDS of 
drawings, photos, 
diagrams 


* How to read plans, specs 


* How to use carpentry 
hand tools 


* How to use woodworking a aa 
power ron insulation 

* How to build concrete * How to build scaffolding, 
block foundations (rein 

* How to do wood pattern 
making (for castings) 

* How to do sheathing 
and siding 

* How to do cornice 


_— CORNER POST 


* How to plan and build 
roofing, flooring 


* How to construct walls, 


doors, windows patata oie 

* How to make joints « How ti pn termifé 

* How to build stairs protection 

* How to build chimneys * How to do interior- 
and fireplaces exterior painting 

* How to use builders’ * How to build girders 
math, do surveying and sills 

* How to make kitchen * How to make concrete 
cabinets, counters forms (and molds) 

* How to do cabinetmaking * How to sharpen saws 
joinery * How to build skylights 

* How to build A-frame, Mu rado lateat. 


PS TDI HD ae! tenance and repair 
* How to plan a home ELM lar S BOOK 
workshop ...and much more cience CLUB 


P.O. Box 2006, Latham, N.Y. 12111 


BEND-À 


Visual-tool ` 


SUPER KNIFE SPECIAL | 


se Prices Anyu! 


Learn more 
about epa 
FOREDOM ‘7 
MINIATURE POWER TOOLS i 
Professional Quality 
Professional Results 


T The 
new flex 
light that lets 


: SS] you see into 
| with Foredom's - Ne places no other 
| truly versatile flex shaft driven power tools. 


Powerful 1/10 hp motor, your choice of speed light can reach 

controls, 15 Ner handpieces, e res of 

accessory tools for cutting, grinding, ling, y 
| PONDA. sanding, peso à Ad py iHomacwnem arni Domen acts 

much more. SEE YOUR DEALER OR SEND DUE NE E MNA BOHYS MUT, 
| NOW FOR COMPLETE CATALOGS. rhe) ee 


Gun Collector: 
pgp Use ode mano 


stamp collecting, antiques., etc. 
Auto Mechanics: Check parts in 
tight or dark places. Inspect brake 
linings withoutremoving drums. Work 
under dash, all hard-to-see areas. 
* Scores of uses for Electricians, 
Repairmen, Plumbers, Locksmiths, 
Engineers, etc. Speeds inspection. 


4 


1 
BUSHWHACKER 


| You'll do more op- er^ 
erations faster 


* canvas sheath 


Yes! Send me your catalog and 
name of nearest dealer. | am inter- 
ested in: woodworking, C] metal- 
working, modelmaking, C] gun- 
smithing, jewelry, O miniatures, 
C other 


Namo Makes all work easier. 

Street A high-intensity light beam, 

City coupled with a flexible shaft, 
" reaches and illuminates inacces- 

State — — — Zip sible areas where other hand-held 


lights fail. 

Bend-A-Light combines a minia- 
ture, prefocused optical lens and 
lamp (rated 3V). Focuses and 
concentrates a clear, brilliant light 
into a pinpoint beam. Its 1/8" ultra— 

slim special alloy shaft —10" long— allows 
repeated bending into any configuration. | 
It can reach around corners and obstacles 
into areas as small as 1/4" wide; illuminate an 
ehgine or pinpoint any area for close work. 

Comes with an unbreakable dual-purpose 
extension tube that extends to 27" and also 
serves as casing to protect shaft. Stainless 
steel tip will not rust, and uses regular AA 
| batteries (included). 

At only $26.95, Bend-A-Light is both a 
super bargain and invaluable, unique tool. | 
Also Available: DeLuxe kit that increases | 

Has regular Bend-A-Light tools, 

ickup magnet, handle clip-on 
magnet, hi-intensity pre-focused penlight, 
unbreakable extension mirror for viewing 
hidden areas. $36.95. 

To order and charge to Am. Exp., Visa, 
MasterCard, Diners— 

CALL TOLL-FREE ANYTIME 


FOREDOM' 


THE FOREDOM ELECTRIC CO. 
| l Bethel, CT 066801 Dept. S 


———— 


Free! 


Edmund Scientific 


OFFER 


ONLY 


Blade 


ade ck PEE 1-800-331-1750, operator 426 
wteeth on baci -722-: 
sheath KNIFE IB Astronomy, Microscopy, Biofeedback, go upsets t esum 
Weather, Alternate Energy, Binoculars, (i meen p nana coupe l—] 
Optics, Magnets, Magnifiers, Tools, H , i 
1 complete catalog. Catalog free with order. d d » Readers' Shopping Service 
Rm fo(s) at the L he d Unique Lighting, Lab Equipment, and 1 Times Mirror Magazines 
$6.95 each or $6.00 each in quantities of 3 or more. Add | | SERU RUE E LUE | P.O. Box 9569, New York, NY 10249 
$1.50 for first knife and 50 cents for each addi- | | fascinating products. Send for our 1 B A-Light ki 
fonal knife. Make checka or money orders payable to | | FREE, colorful 1982 Edmund Scientific | Tiesas sond ma the Bend-A-Light kit(e) 
^ Catalog. . Today! 1 d 
—— Rush me your free'catelog! | O #4158 Standard Kit @ $26.95 plus $2.50 
Knives Available (Enter number(s) desired) shipping and handling 
" nen: ‘Gun Quan. NE | O 44159 DeLuxe Kit @ $36.95 plus $2.50 
1 BlI— a, aE | shipping & handling 
2 4— 6 B |] Address | O Payment enclosed $ ____ (Res. of AZ, CA, 
E | CO,FL,IL,NY,PA, VA, VT, WI addapplicablesalestax) 
Name. 1 Charge to: C1 Visa OMasterCard DAm. Exp. 
Address. H O Diners 
en. Ru Zip. - =e 1} carda Exp 
VISA... MASTER CHARGE Clip And Mail Coupon Today To |i EEE 
Exp. Date__Card Number. E Scientific Co., Dept. 8211 N-02 | Name 
Signature. Edscorp Bldg. Barrington, N.J. 08007 1 
Mail to: TIFFIN INTERNATIONAL. j Street 
PO. Box re mun. AL 39043, | | | No 3455  *1982 Edmund Scientific Co i 
Dealer Inquiries Invited 1 City State Zip 
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STORE UP TO 


, 150 


PAPERBACKS 
In this 3-tler 


LIBRARY 
BOOKCASE 


Sturdy 3-tier walnut-tone book- $598 
case of Kraftboard is perfect for 
Paperbacks or knick-knacks. Mea- 
sures 25 x 22 x 7%". Assembles easily 
without tools. on $5.98 + $2 shipping & 
handling. Res. of AZ, CA, CO, FL, IL, NY, PA, 
VA, VT, WI add sales tax. 
TMM BOOKCASE, Dept. PS012 
P.O. Box 9569, New York, NY 10249 


2-DRAWER 
HOME OFFICE 
FILE 


Running a home, like run- 
ning a business, takes 
paperwork. Here's a cor- 
rugated fiberboard file 
cabinet that makes or- 
ganizing and storing rec- 


ords, receipts and references 

simple and easy. Sturdy 2-draw- 

er wood-tone unit fits in almost 

anywhere. 22" H x 13⁄2” W x 

15%" D. Includes drawer pulls and label 

holders. Assembles easily without tools. On- 

QNSE + $2 shipping & hdlg. Res. of AZ, CA, 

O, FL, IL, NY, PA, VÀ, VT, WI add sales tax. 

MasterCard or Visa accepted (give name of 
card, account no., exp. date). 


TMM HOME OFFICE FILE, Dept. PS012 
P.O. Box 9569, New York, NY 10249 


These handy, disposable poly gloves are great. 
for painting, gardening, auto work. Keep 
hands clean; use once and throw away. Con- 
venient poly pouch dispenses one glove at a 
time. One size fits all. Only $2.99 for pack of 
100 + 50e post. hdi.) rZ packs for $5.50 
+ 95€ post. & hdig. Res. of AZ, CA, CO, FL, 
IL, NY, PA, » WI add sales tax. 

TMM GLOVES, Dept. PS012, Box 9569, New York, NY 10249 


Build this beautiful 
Dome Home 
by yourself! 


V ante MAPS. P . 
Enjoy super-low energy bills 
and house payments 
Save up to 50% on utilities, and up to 60% on 
building costs. Beautiful Monterey Domes 
homes are extremely energy-efficient, unl 
Strong, earthquake resistant, and easy to asset le. 
No special tools or skills necessary. Our unique, 
pi ted building system makes home construction 
a reality for the novice. 

Monterey Domes: pre-cut color-coded shell pack- 

ages start at $3995. Models up to 3,500 sq. ft. 

Send for our color Catalog & Plan Book — 90 fact- 

filled pages. of exci! j, affordable homes. Sales 

representatives available for all 50 States. 

Write today! 

LLL LLILIL LI es 

DRush me your 90 CATALOG & PLANS 
[| BOOK. Enclosed is. £235, post Included. 

O Also send your ASSEMBLY MANUAL for an add'l 


Bane —— | 


ADDRESS 


I CITY. STATE, ZIP _ 
Mail To: MONTEREY DOMES: [| 
1855 lowa, Dept. AR-1 p [| 
Riverside, Calif. 92517 — wownmm powes 


[Tp 


NEED THREE PHASE POWER 
e "THAEEPHASER"" allows you to.operate three 


phase motors 1⁄4 thru 7% horsepower from 220 ONLY 
‘ol single phase power sources. Rugged — heavy SS 
duty — patented unit built to give many years of 
satisfactory service. Satisfied users worldwide since 1966. 
Free literature furnished on request. Telphone 305-862-3038. 
RELIANCE ELECTRIC MANUFACTURING COMPANY INC. 
Rte. 2, 1024 W. Lake Brantley, Maitland, Fla. 32751 


FACTORY 
DIRECT! 


RUSH $3 for plans & 
Giant Catalogue to: 
PS-1, Omaha, Nebr. 68134 


Box 34304, Dept. 


GREAT OUTDOOR FUN. 
SEARCH ELECTRONICALLY FOR . 
coins and relics with White's Electronics mi 
metal detectors. Pays tor itself. U.S. Patented. 
For your nearest dealer 
and free catalog 
CALL TOLL FREE 
1-800-547-6911 


weet Home, OR 97386 


Uien System Antique Camp Designs 


Build Tiffany Style Lamps 
For Hobby & Profit At Most 
Stained Glass Dealers 

BIG COLOR CATALOG $1.00 


H.L. Worden Co. dept PS81 
P.O. Box 519, 118 Main St. 
Granger, WA. 98932 
Telephone 503-854-1557 


W184 Wisteria 


CHECK IT OUT! 


There are more opportunities, 
products and services offered 
in the ‘‘Classified Opportunity 
Mart,” immediately following 
this section. You may find just 


what you've been looking for. 
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Ses 


| ELSAW:; 
PORTABLE "LAT. 


— 
SAWMILL Of Its Kind In The World! = 
__ If you need good, high-quality lumber, don't let 
inflated lumber prices stop your important buildin 
projects. The Belsaw goes right to the trees an 
turns out smooth, true-cut lumber... even begih- 
ners get excellent results. Just one man (no crew 
needed) can easily cut enough on weekends to save 
hundreds of dollars over high lumberyard prices. For 
power use tractor PTO or other low HP diesel or 
electric unit. Factory-direct selling keeps price low, 
and convenient time payments may be arranged. 


Send for FREE BOOK! Just mail coupon below for 
‘How To Saw Lumber” booklet and complete facts 
on the One-Man Sawmill. There is NO Obligation 
and NO Salesman WII Call on you. Do I TODAY! 

| BELSAW MACHINERY CO. 

372) FIELD BUILDING 

KANSAS CITY, MO 64111 
Please send all facts and details in 
your FREE BOOK “How To Saw 
Lumber”. 1 understand there is No 


Obligation and that No Salesman will 
call on me. 


JACK DANIEL 
SILVER SERVICE 


This handsome silver 
service, . crafted exclu- 
sively for Jack Daniel 
Distillery by Towle Silver- 
smiths of Newburyport, 
Mass., is the most 
splendid way | know to 
servea drink of Mr. Jack's 
finest. 
The silver- 
plated holder 
à distinctively 
|| cradles a bot- 
pnr tle of Jack 
Daniel's and the attractive silver jigger 
measures up to 1-1/2 oz. of the legendary 
Tennessee Whiskey. Both holder and jigger are 
reminiscent of earlier days and are created to 
grace your home, honor your guests and com- 
pliment your own good taste. 
| am very proud to be able to offer this 
elegant set to you. My price is $24.00 deliv- 
ered. (Sorry... whiskey is not included.) 


Send check, money order or use Ai 
press, Visa or MasterCard, including 
and signature. ld 6% sales tax for TN delivery.) 


Your home 
workshop 
can pay off 


with 
B B this 


Power Feed 


Planer Molder Saw 


Three power tools in one— 
areal money-maker for you! 


The BELSAW Planer/Molder/Saw is 
a versatile piece of machinery. It 
turns out profitable precision molding, 
trim, flooring, furniture...in all 
popular patterns. Rips, planes, molds 
separately...or all at once. Used by 
individual home craftsman, cabinet 
and picture framing shops, lumber 
yards, contractors and carpenters. 
Never before has there been a 
three-way, heavy-duty woodworker 
that does so many jobs for so little 
cost. Saws to width, planes to desired 
thickness, and molds to any choice of 
patterns. Cuts any molding pattern 
you desire. Provides trouble-free 
performance. And is so simple to 
operate even beginners can use it! 


30-Day FREE Trial! excirine Facts 


NO OBLIGATION-NO SALESMAN WILL CALL 
RUSH COUPON BELSAW an Der co. 
TODAY! Kansas Ci, Mo. Vatt 


s 


BELSAW POWER TOOLS 
922) Field Bldg., Kansas City, Mo. 64111 


Please send me complete facts about 
PLANER-MOLDER-SAW and 
details about 30-day trial offer. No 


obligation, no salesman will call. 
NAM! 


SEIL L4. ——— 
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ADDI 


em. 


Fantastic Sharpener 


KEEPS YOUR ROTARY 
SHAVER SUPER SHARP! 


TMM SHARPENER, Dept. PSO12 
P.O. Box 9569, New York, NY 10249 


ITH! 
eae, and address for 


! E book 


Institute, Dept. me 
Div. Technical Study Schools, Little Falls, N.J. 07424 


opportunities. Big 


Bea Earn quickly 


Lock SM 


FARN WHILE 
YOU LEARN 


sy. Do 
jobs: All Tools 
— Materiais Supplied. 
Lic. State of NJ 

Appa. for Veterans. Send 


real 


Popular Science indexes 
380 Madison Avenue, New York, N.Y. 10017 
Encioned total Ol. icheck or money orderi. Passe sand 


o% OF 07 DT o% O7 on on on 
(8175 oaen) CI Ali nine indexes (1972-1080) lor 89.00 


PERS 


YOU SAW IT IN 
POPULAR SCIENCE 
— BUT WHEN? 


Nothing is more frustrating than trying to 
find that article on furniture refinishing, 
how to repair a car choke or any of hun- 
dreds of other informative articles or 
items that appeared in Popular Science in 
1980. That's why you will want a handy, 
1980 Index to Popular Science editorial. 
It lists every item that appeared during 
the year under the same headings used 
in the monthly contents page. 

It is still possible to obtain a Popular 
Science Index for each year beginning 
with 1972. Send for yours today with the 
order form at the top of this page! 


1980 
Popular Science 
Index 


m2 


UNI 


The “golf ball" is the second hand. 
Mounted on a virtually invisible element, it 
disappears from view for a few seconds as it 
seems to drop into cup. You get a hole-in- 
one every minute! 


Dependable Swiss movement; Gold- 
tone aluminum case and gilt dial with hours 
notched on bezel. Men's style has simulated 
alligator brown strap; ladies', fashionable 
green suede. 


Just $39.95 for either men's or ladies'-In 
handsome cushioned case. Fully guaran- 
teed by mfr. And weadd our guarantee: You 
may wear the watch for 30 days, show it to 
your friends and golfing associates. If you're 
not fully delighted, simply return for full 
refund or credit. 


| i a | 


QUE 


“Golf Ball” second hand floats around watch face... | 
“drops into cup” 


when reaching it | 


Use coupon to order-or to charge to Visa, 
MasterCard, Am. Exp. or Diners Club, you may | 
telephone your order TOLL FREE, 24 hours a 
day, 7 days a week to: 

1-800-331-1750, Operator 405 
1-800- 722-3600) 


TGOLFMAGAZINEWATCH.PO.Box9569 — PSOlÍ 
| New York, NY 10249 

i Please send me OMen's C] Ladies’ Golf 

H 


es) at $39.95 plus $3.50 each shipping & 
(Residents of AZ, CA, CO, FL, IL, NY, PA, VA, VT, 
H WI, please add applicable sales ta) 
| O Check enclosed (No C.O.D.'s please) $__ 
1 Charge to: GVisa OMasterCard D'Amer. Exp. 

H DDiners Club 


1 Card No. 
1 PRINT NAME 
1 ADDRESS 


1 CITY/STATE/ZIP 


Exp. Date. 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


Hydraulic Log Sp! 


PART AVAILABLE TO "BUILD YOL 


10-1/2 tons splitting force. 
Fost splitting cycle ( 10-sec.) 
Splits logs up to 26" long 

5 hp BRIGGS gos engine 
Powerful 2-stage hyd. pump 
Detent control valve returns 
to neutral outomatically 


© Split wood for your own use, split logs 
for profit, earn money. on rentals, Built 
from finest quality components. 
JUILD-YOUR-OWN". Save Money! Top 

cde. quality components ot lowest prices. See our 

Stamps cotalog. 100's of other items, BIG SAVINGS! 


SURPLUS CENTER IECEIEM "c 


Nebraska 
68501 


CHECK IT OUT! 


There are more opportunities, 
products and services offered 
in the ‘Classified Opportunity 
Mart,” immediately following 
this section. You may find just 
what you've been looking for. 


Here's all you need 
to garden—and more! 


A Small 
Wonder. 


The Masport 


Home Gardener" 
is so light and versatile 
you'll probably want to use it 
for most of your gardening 
chores. In fact, 79% of Mas- 
port owners we surveyed 
use their Home Gardeners at 
least every 2 weeks—not 
once or twice a year like 
most tillers! Here's why: 

* Lightweight. One-third 
the weight of big reartine 
tillers, just 76 pounds. So. 
you can handle it easily No 
extra muscle needed. 

* Tills, Cultivates, Weeds. 
Just adjust the working 
head to fit the job. 


Use it all 

season long— not just 
Spring and Fall. 

* Easy to Handle. Anyone 
can use it—from older folks 
to youngsters. Its small and 
light so it wont bounce and 
shake you to death! Enjoy 
easy control. 

* Affordable. Half to one- 
third the cost of big rear- 
tine tillers—with four times 
the uses! 


For complete information, 
retum this coupon or call 
1-800-227-2864 

(in California, 1-800-772-3589) 


Masport 


Send to: Masport America Inc. 
Dept PS-21, 200 Gate 5 Rd., 
Sausalito, CA 94965 


Name ———— 
Address. 
City. 

| —— 
Zip_—________ 
Phonet—_)___ 


©1982 Masport America Inc. 
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A-1 CHRISTMAS GIFTS 


GIANT 9-24" dial thermometer: Cel- 
Fahrenheit, bold lettering. Perfect 
decoration. $8.50. Wing, 710 Grant, 
A, San Francisco, California 94108 


WHOOPIE HORN, Plays 64 melodies 
electronically, Great for Vans, Autos, 
Boats, and New York cabbies." $59.95: 
New Products, P.O, Box 36251, Dallas, 
TX 15235. 


1 AUTOMOBILES 
SORVAIR parts — Giant 300 page 
catalog $3.75: Clark's CORVAIR Parts, 


Inc. Shelburne, MA 01370, 


TOME RE. ‘TUNING FOR MAX- 
IMIZED 'ONOMY. Simplified tech- 
ee Mi MPG 50 + © | DETAILS 
FREE!! Techneering, Box 12191CC, Nor- 
folk. VA 23502, Telephone (804) 495- 
2033 (recording). 
PROPANE-METHANE-NATURAL GAS 
conversions. CARS-TRUCI Build your- 
self. THOUSANDS SATISFIED USERS! 
Writ FE Engineering, KPS, Rem- 


FREE. Electronic tool catalog for 
weekend mechanics, Low prices. Milwau- 
kee Auto-Tronics, 4320-P West Edger- 


ton, Milwaukee, WI 53220. 
ILD YOUR OWN “200 MPG CAR- 
TORI" Join 60,000 determined 
Factual Report reveals docu- 
leare, Proven principles. Send 
$1.00, Research-PSA, Box 184, Anti- 
DX S7013. 

ELECTRIC CONVERSION PLANS, 
PARTS, Engineered, Maximized Perfor- 
mance, Economical,’ Uncomplicated. De- 
tails Free. 3E, Box 19409-AE, San Diego, 
CA 92119 


FOUND: The Fabled 
200 MPG Carbureto 


T it exiats and wo have it — tha original patent (now 

V expired) drawings and description, complete “how: | 

1 Kardona" secreto he legendary Pogue Carbure- | 
tor 

| Wit a Ford 8 cyinder coupe achieved 205.5 MPG | 


and the carburetor "faded" from public view. 
| Get the tacts on the vaporizer-type Pogue, many other 


[ 
I 
[ 
[ 
t || Sandusky, OH 44870 


The Fish Carburetor 
Exact reproductions of the world-famous carburetor that 
went out of production in 1959 with the exact same guar- 
‘antoo—minimum increase of 20% increase in gasoline 
mileage or your money back. This carburetor also runs on 
l, How it works and dealer info $3.00. Complete 
working Fish Carburetor $189.50. Order from: 
Michael H. Brown 
P.O. Box 89, Dept. 8 
Draper, Utah 84020 
Telephone (801) 571-9452 


2 AUTO SUPPLIES & 
EQUIPMENT 


HYDRAULIC JACK Roj 
and Supplies. SHUT d 
jack Packing & Tool Co; 
Box 3 en Is, Y 


ir Kits, Parts 
.00. Hydraulic 
sin P.O. 


WIPER BLADE SHARPENER Lasts 
lifetime, only $5.00. STATE Products. 
P.O. Box 542, Bethpage, NY 11714. 


SCREENS Fiberglass Velcro. Send 
Pattern $23.95 pair. Box 456, Sacra- 
mento, CÀ 95802-0456. 
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CLASSIFIED 


OP- -POR T UFRN Ea MAn 


CLASSIFIED ADS $6.75 per word, per insertion. Minimum 
10 words. Payment with order, or charge to your Visa or 
Master Card (give number & expiration date). First word 
in bold capital letters, rest of ad upper & lower case. Other 
bold cap words, $1 per word extra. Bold headline or white 
space, $27 per line. DISPLAY-CLASSIFIED $370 per inch, 
per month. Advertisers using a P.O. Box number must 
furnish complete name and street address for our records. 


CLOSING DATE for March issue (on Sale February 15) 


is December 28. Send orders to Mary C. Ansbro, Classified 
Adv. Director, Popular Science, 380 Madison Ave., New 


York, NY 10017. 


AUTO Rustproofing amazing results 
for a few dollars, send $6.00 and self- 


addressed envelope for booklet. Auto 
Rustproofing, Box 517, W. Falmouth, 


MA 02574. 


ALTERNATOR Generator Rebuilding 
Book. Details: Hedelund | Engineering, 
7505 Barkentine, Las Vegas, NV 89128. 


4 MOTORCYCLES, 
BICYCLES & SUPPLIES 


PLANS: Go-Kart $2.50, Mini 
$2.00. Mini Car $3.00, ' Pedal 
4.00, 12’ Sall Boat $4.00, Fro: 

fon kart “with ^ Gearless" Dilferentiel 
$10.00. Mini Jeep $3.00. 8 H.P. Trac- 
ior 510.00, Soap Box. s$, 00, Mini Ve- 
hicle D.A., Chazy, 2921 


5 AVIATION 


EXPERIMENTAL 2 Place Twin Pow- 
pred by 0-200 Continental engines. In- 
formation packet and photos - $10.00. 
Construction Drawings ~ $200, Kits, = 
$8654. Double Eagle Aircraft, 4928 
Eleanor Dr., Charlotte, NC 28208, 704- 
392-5981. 


AIRBOAT Propellers. Free Literature. 
Askey Propeller Co., Route 2, Box 188, 
Keller, TX 76248. 


CHOPPY ultralight single seat heli- 
copter. Simplified construction - motor- 

le engine. Informations $3.00. Fully 
detailed plans manual $40.00. Polynovi 
Box 6708. St; Remi- Napierville, Quebec, 


BOOMERANGS — INCRI 

TURN! You can do it. 

your FREE log today. Boomerang- 
Man, 312 Park, Monroe, LA 71201. 


BUILD A JET HELICOPTER 
EASY TO FLY—INEXPENSIVE TO BUILD! 


P.O. Box 16488-A Baltimore, MD 21217 


5A HOVERCRAFT — 
HOVERCRAFT Plans. Catalog $1.00. 
Universal Hovercraft, Box 281, Cor- 


dova, IL 61242, 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus. 
Flies over land’ snow ‘water. Complete 
and booklet. $9.95. Aero-Projects, 
218PS, Clinton, NJ 0880 


BARTLETT Flying , Complete 
Plans/Supply Sources: $5.00. Write: 
Herb Bartlett. P.O. Box 156-S, Silver- 


dale, WA 98383 


6 ASTRONAUTICS 


GRAVITY like propulsion, mechanical 
action reaction complete detailed, Plans 


$20.00, Howard, PS-1, Foster, KY 
41043 
ANTIGRAVITY Propulsion Devise. 


Free Brochure. RDA, 


ox 873-N, Con- 
cord, NC 28025. 


GRAVITY 


6B ASTRONOMY 


MALLEY'S COMET returns in 1986, 


For membership, es of 
newsletter send 
$3.00 to: Halley's Comet Watch 786, 
Box 188. 


7 BOATS, INBOARD & 
OUTBOARD MOTORS 


Id 
tionally, Write: ‘Boats, $333 W. Country 
Gables, Glendale, AZ 85306, (602) 267 


EVINRUDE 1981 Bargains 


_ all sizes 
. $1.00 handling . . Scott-McCulloch 
ne. 610 Merrick 


BOAT PLANS - FRAME KITS - PATTERNS - 
Hundreds of designs - WOOD - FIBERGLASS - 
‘STEEL - Powerboats - Sailboats - Outboards - 


include instructions especially for amateurs to 
assure professional results. NO LOFTING! 
“SUPPLIES” -Fastenings -Fibergless- Resins - 
Glues- Spars - Books - Trailer Plans. HUGE 144- 
page catalog = $2.00. Includes FREE “BOAT- 
BUILDING SUPPLIES” brochure. 


BOATKITS - PLANS - PATTERNS - FR/ 
PACS - FIBERGLASS - MATERIALS - Wt 
largest catalog - 300 Designs - 8 /80' - Plyw 
Fiberglass - Steel - POWERBOATS - Inbor 
Outboards - Cruisers - Sporttishers - H 
planes - Runabouts - (KAYAKS CANO 
Large Selection) - SAILBOATS - Daysail 
Trailersailers - Multihulls - Motor Sailers -FIl 
GLASS - Cloth - Resins - Foam - C-Flex -4 
ALOG $2.00 - "Includes FREE Materials 
chure - Hardware - Fastenings - Equipm 
Riggingsails - Glue - Etc." - (Book "AMAT 
BOATBUILDING" - In - Fiberglass - Piyw 
Epoxy'Wood Saturation Technique - $6.0C 


CLARKCRAFT ! 
16-S Aqua Lane, Tonawanda, NY 141i 


| 
11 DO-IT-YOURSELF | 


SECRET 200 MPG Carburetor 
vealed! MPG-PS18i, Box 2133, ! 
dusky, OH 44870. 

ID me HE Rd 
SATELLITE ANTENNA, build for 
than $125.00. Illustrated 
$15.00. Full Scale plans 
$20.00. Information $2.00. 
Innovations, Box 356M, St. Cl 
Florida 32769. 


ELECTROPLATING, Complete 
Electroplate, Met 


book. All Metals, 
Nonmetallic Items, $9.9 
‘Tropi Palm Bi 


Robert Coleman, Rt. 3. Box 5: 


Travelers Rest, SC 29690, 


WINDMILL ROTOR SYSTEM 
diameter, Drawings and, Instruct 
Send $15.95 Te . P.O, Box 2| 
‘okomo, indiana 4690: 


THI CTRONI 
Plans $5.00. Langton, e601 Ocea 
Ave., Marathon, FL 33050. 


ALCOHOL! 180 Proof! Make C| 

Fuel with Simple Still Plans/Rec| 

Free mformation! Desert-PS, 
Kin AZ B 


'OJECTION TV . . . Convert 
TV to project 7 Foot picture . . . 
sults equal to $2,500 project 
Total cost Less than $20.00. Play 


$16.00. Illustrated informi 
FREE. Macrocomaee, Wa: MEER 


Pennsylvania 18977. Creditem 
24 hours 215-736-3979 


NEW TEFLON GEL lubricates ey 
thing! 6 oz aersol $5.00 postpaid, Y 
home Products, Box 41071-P Bı 
ville, OH 44141. 


BURGLAR ALARM. 
- installation! 


dead batterys contaly 
How to reclaim it. $5.00. Goldbond 
Box 10669B, Pittsburgh PA 15235. 


SILVER, 


PROFESSIONAL" GIANT SCI 
PROJECTION TV - "Don't Be Fi 
By Cheap, Imitations” - Build 
Best!" - Simple Co! ti 


Information! - POLI-VISION, 168R 
more St., Throop, PA 18512. 


LASER HANDBOOK with b 
cutting, Ruby Reds, Co's complete. 
books, and parts. Send $4.00 to: 
Dept. PS, Box 1902, Rochest 
03867. 


1400 CATALOGS listed and descr 
Sources for everything — imagir 
$4.00. Masterlog, Box 879-A, Fal 
CA 94930. 


ION GENERATORS, Outperform, 
Models, Only, $79.50. Kit $64.50. P 
back ION EFFECT $2.95. Profesi 
Tonizers, 2146 Wellington, Wichit 


ELECTRONICS —— DRAFTS! 
book. see circuits work like engines. 
Electronic Draftsman, Box 304, Ne 
Illinois 62448-0304, 


ide to building and repair of billiard tables. 
.95 + .75¢ mailing. Millions of tables need 
th and repairs - work from home. 
iliard equipt - complete line illustrated in- 
'ative catalog 1.25. 
Great River Enterprises 
Box 55 Desoto Wisc. 54624 


Sick of 
letwork TV? 


receiver lets you 
‘over 75 channels 


FOR THE HOME 


? don't just 

‘| Information! 
Manufacture 

irdware! 


rigs, 
hotels and bat 


ed reading by NASA, The Office 
of Consumer Affairs and quality 
companies like Rockwell/ 
Collins. Send $7.95 today! 
CALL 
24-hrs. C.O.D. Hotline 
(305) 339-7600 


SPACECOAST, 


RESEARCH CORPORATION © 
Box 442-8, Altamonte Spgs, FL 32701 


IN + IRRIGATE a 
ULATE » SPRAY gi Y 
-duty rustproof ball- 
Ing pump. Stainless 
1HP 1200GPH 60' high Wad 
00 GPH 25'well.5200GPH max. 1 
. Belt or direct drive. Use à HP or larger. 
back guarantee ii ste & hnding$21.! 


10 WATT RECIPROCATING STEAM ENGINE 


this compact UTILITY STEAM ENGINE with 
and tools and deliver up to 3000 watts of 
rafed Electricity! idoal als for pumps, fans, ote 
on lam, conga and homes! 
| COMPLETE PLANS including boil- 
l By a) chargo creut oniuraton 
95, 
WA GLENVALE PRODUCTS 
E t, JC 


Box 358 Station D 
Toronto Ont. MBP 3J9. 


EAT SAUSAGE RECIPES 


bage illustrated book explains saus- 
aking pus home curing and smoking 
pat, fowl and fish. Over 100 recipes. 
equipment and supply 
has more information. 
ours, send to: 
The SAUSAGEMAKER 

2 Military Road — Buffalo, N.Y. 14207 


Enjoy free heat & power. Send for 
energy Encyclopedia. Complete list 
of Mfg. cost, specifications, on 


Energy Service 
14A Hughey St., Nashua, NH 03060 


SCIENTIFIC SYSTEMS INC., 

Now at last offers in kit or completed form 
such unique products as; Nightime vision de- 
‘ices, super sensitive directional mikes, low] 
md high powered 


lasers, micro-mini-voice 


transmitters, ultra sonic devices, super Ng 
B 


voltage generators, intrusion and sensing 

ices, scientific personal protection items 
and many other hard to find products. Send 
[$1.00 for catalog: SCIENTIFIC SYSTEMS INC. 
Dept. $1, Box 716 Amherst, NH 03031 


HYDROGEN FUEL 


Now, you can generate your own hydrogen and 
convert your automobile to operate on hydrogen 
fuel. You get electrolyzer and auto conversion 
A and instructions, plos detalis T sale 
rogen storage and generating hydrogen 
FRE! Complete package: oly $1000 
RESEARCH & DEVELOPMENT 
Post Office Box 873 
Concord, North Carolina 28025 


RUBY RAY GUN... ++ $15.00 
© CO2 LASER FOR BURNINGICUTTING. .... $15.00 
‘© BEGINNERS LASER VISIBLE RED and IR . . $10.00 
© LASER PISTOL and RIFLE $1000 

..$1000 


© VISIBLE RED LASER LIGHTGUN. 


$1000 


LASERS UNLIMITED 
Dept. L1, Box 716, Amherst, N. H. 03031 


AMAZING ~ 


SCIENTIFIC and ELECTRONIC 
DEVICES —— 


PHASER shockwave and invisible FORCE 
FIELD generators. LASERS lor weapons, cut- 
ling. burning, cloud writing, holography and 
special effects. NUCLEAR. ucie accelerators 
and detectors. PLASMA, ION, HIGH VOLTAGE, 
MIGH FREQUENCY TESLA COILS and LIGHT- 
NING Mors. TRANSMITTERS. and CON- 
TROL loc security, . intrusion 
delection, nature listening, PLUS PLUS INFRA- 
SONICS, ‘ULTRASONICS. ENERGY. CHEMICAL 
and PERSONAL PROTECTION and SAFETY DE- 
VICES. SEND $1 for catalog of plans, kits and 
completed items to: 

INFORMATION UNLIMITED, INC. 
P. 0, BOX 716, Dept. P8 
Amherst, N. H. 03031 


FANTASTIC . 
SCIENCE PLANS 


Stero-Controled Laser Show 
Hydrogen entrato x) gen Ca 
rogen Generator n Car... 
Propane/ Gasoline Auto Conversion =... 
MHO Electrical Generator . . ne 
Low-Cost/One-Man Hovercraft 
Easy-to-Bulld X-Ray Machine ..... 
Solid State Laser .......... 
Visible-Red He-Ne Laser . 
25 KV Tesla Coll ... : 
Computerized Electronic Robot 
MONEY-BACK GUARANTEE 
— CATALOG $1.00 — 


RESEARCH & DEVELOPMENT 
Post Office Box 873 
Concord, North Carolina 28025 


12 HOME CRAFTSMAN 


LARGE selection of plans. Furniture 
designs, loom, spinning wheel, clocks, 
dollhouses, cradles, toys, alphabets} bird 
houses, weathervahes, kites, and more. 


Catalog 50e. Craftplans Co. Rogers, 
Minnesota 55374. 


PAXTON'S OUR NAME, HARDWARE'S 
OUR GAME for furniture and lamps. The 
source for special items, Catalog $1.50. 
28, Upper Fall 


Industrial Buyers 
Home Craftsmen. Buy at same Low 
prices as large Industrial Plants. Turn- 
key, 36-SC, Letchworth Street, Buffalo, 
NY 14213. 


CATALOG OF WORKBENCH COMPO- 
NENTS. 3 sets of plans, $1 refundable. 
Itaska Trading Co. P.O. Box 26367. 
Minneapolis, MN 55426. 

“GETTING Started in Stained Glass" 
50c. Whittemore, Box 2065X, Hanover, 
MA 02339. 


WOODCARVING 


OLD-FASHIONED 
ROLL-TOP DESK 
FULL-SIZE PROFESSIONAL PLANS 


At last! Plans for 
authentic Roll Top 
Desk. Easy to use 
2133 Double Pedestal 
Desk, 30" x 52° x 30" 
high.” «140 Roll Top 
Unit adds 147 to het. PS 
Both single and 
double curve end 
paneis on drawing 


EACH olan gi or $18 fe 
both.” SATISFACTION 
GUARANTEED! 


FREE WITH ORDER—Catalog of 170 full-size 

plans, Early Amer., Medit. Spanish, Modern, English 

lurniture. CATALOG ONLY— $2.00, refundable. 
FURNITURE DESIGNS Dept. SD-12 
1425 Sherman—Evanston, Illinois 60201 


13 TOOLS & MACHINERY 


METAL Cutting Lathe $80.90. 
Taig, 15048 Proctor, Industry, CA 


LATHES — Unimat — Maximat 
Sherline Machinex, Catalog $1.00. 
Shop Supplies $1.00. Campbell, 2100P 
Selma Road. Springfield, OH 45505. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid ' Products. 
Dept. M. 3736 South 7th Avenue, Phoe- 
nix, AZ 85041. 


15A ENERGY SAVING 


PALOMA instant water heater: 
gount prices. Paramount | Suppl 
Hazel St.. Allentown, PA 18102, 
821-7741, 


SHIVER NO MORE . . . . Portable 
INFRARED Heaters. Better than Quartz. 
UNBREAKABLE. Warmth & Comfort for 
pennies per hour. Free Literature. PS- 
1,,,9984 Ruch Road, Bethlehem, PA 


SAVE ENERGY $ $ $ — Use sun's 
heat with no costly equipment. Set of 10 
"new" architect designed Solar Home 
plans + details showing how. $5.00. 
Money-back guarantee, Order now fet 
"Energy Saver Tip booklet included 
Free. Showplace, Plans 1A1, Box 740, 
Hopkins, MN 55343. 


dis- 
627 
(215) 


ome Heat Lo$$ Formula, 
. P.O. Box 32220, Fridley, 


FLANNEL SHEETS. 100% cotton, 
90x108, $12.50. All sizes. Free catalog 
swatches. Clothcrafters, PS. Elkhart 
Lake, WI 53020. 


INSULATE WINDOWS! Fast, easy, in- 
expensive. Insulate all your windows in 
3 hours! Send $3.95 for illustrated 
booklet. Liberty Products, 20455 Mea- 
dowvale, Elk River, MN 55330. 


SLOW DOWN YOUR ELECTRIC ME- 
TER. It's perfectly legal, Save money. 
Complete Instructions. $7.00. Western 
Research, Box 1061 PS, Woodland Hills, 
CA 91365. 


FIREWOOD $10/CORD? You can, I 


did! Information $5.00. Robert, P.O. 
Box 511, Westland, MI 48185. 


15B ALTERNATE ENERGY 


FREE Wood Burning Heatei 

Where. Note: These are not drums. 

complete details send $5.00 to: PM In- 

dustries, Box 208, Station A, Winnepeg, 
Canada R3K 2A1 


WINDPOWER siting and monitoring 
instruments, 20e stamp for brochure. 
Trade Wind Instruments, 1076 Loraine, 


ple s; 

materials available to everyone, Plans 
and Instructions, Send $8.95. Solar Sy: 
tems, 326 E. Colorado, Sulte 123, Pa: 
dena, CA 91101. 


PLAN: E 

gimple parts cost, $150. Guaranteed, ~ 
$9.95, EASIPLANS, 12 Union Ave., El- 
wood, NJ 08217. 


VACU-STACK CHIMNEY CAP. 
ELIMINATES wind induced downdraft, 
Keeps out debris, animals, snow. Im- 
proved Consumer Products, Box 1264- 
PS1, Attleboro Falls, MA 02760. ' 


HEAVY-DUTY CANVAS TOOL BAG 


DDAN 


7 


Side pockeis with, snaps, 


large ripper top. 
weh handles 


Felaforced ‘bottom. dark Kreen 


ity. 
Outside Continental U.S.A. Add $3.00 


13A MICRO & SMALL 
SCALE HYDRO 


HYDROELECTRIC Equipment News, 
Stamp Requested, Peltech Hydraulic Tur- 
bines. Acme WA 98220. 


14 ENGINES & MOTORS 


ENGINES to 19 H.P. for Mowers, Till- 
ers, Hobby. Repair manuals parts, Tre- 
mendous savings. Fast, dependable, Il- 
lustrated price catalog $1.00. Ashland 
Small ‘Engines, Ashland, MO 65010. 


AMAZING Solar Guide . , . . Save 
$1,000 Fuel... Surprise Free Bonus 
2.5. 4,4$5.00, Lenny Kachadoorian, P.O. 
isox 634, Rockville Centre, NY 11571, 


TOTAL SOLAR food dehydrator or a 
4' x 8' hot air solar panel. Complete 
plans to build your own $5.00 each or 
$8.00 for both, Send to: Rebel Sola: 
909 S. Kansas A 


Newton, KS 67114. 


HYDROGEN - ACETYLENE! Super 
fuels Complete directions, home manu- 
facture, No special equipment needed. 
Hydrogen - $2.00. Acetylene - $2.00. 
Horizon Enterprises, Box 3334. Enfield, 
Connecticut 06082 


HYDROHEATER “ Fireplace — Insert 
Boiler, 100,000 BTU, sed $765.00. 
609-386-1506. 


COMPLETE 1981 SOLAR HEATING 
PRODUCTS CATALOG! 
EVERYTHING for ACTIVE and PASSIVE Solar Heat- 
ing, includig Kalwall's Sun-Lite® Glazing and Thermo 
Storage Systems, plus dificult to find energy savers. 
Order ali materials trom one expert source. 64 Pages, 

15 sections, $3 ppd. Visit our retail Store. 
SOLAR COMPONENTS CORP. 
De Box 237 
Manchester, NH 03105 


FREE ENERGY 


Extract abundant free energy anywhere 
using permanent magnets. Know the 
truth! Plans, instructions, patents, and 
previously secret government. report. 
Money back guarantee. Only: $15.00 
RESEARCH & DEVELOPMENT 


PO Box 8. 
Conc 
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SMOKELESS WASTE OIL STOVE KIT 
Information $1.00. P.O. Box 4355, Ro- 
chester, NY 14611-0355. 


INVERTER synchronous, brand new, 
50 amps 240 volts AC output. Vedder, 
ON300 Woodvale, Winfield, IL 60190. 


SOLAR ENERGY DIGEST 

P.O. Box 17776-PS. 

San Diego, California 92117 

Is THE NEWSLETTER to read if you 


really want to keep abreast of the 
amazing progress in ALL AREAS of 
solar energy conversion. Year (12 
issues), $35; latest issue, $3.00. 


16 PLANS, BLUEPRINTS 


CATALOG ELECTRONIC DESIGNS. 
ALSO, 100 MPG CARBURETORS, Frec 
details, Peter - Schmitt Enterprises, 
#81, Box 07071, Milwaukee, WI 53207- 


17 BURGLAR/FIRE ALARMS 


FINEST Equipment! Save! FREE CAT- 
ALOGI A.A.S., 186C, Oxmoore Road, 
Birmingham, AL 35209. 


MOME PROTECTION - U.L. approved 
burglar alarm under $200.00. FREE in- 
formation, Rocky Mountain Security, 
Box 7215, Murray, Utah 84107 


BURGLAR: 


Intruders, Attackers — 
Protect Yourself with our TORCH 
ALARM. You'll get a door window 

brilliant FLASHLIGHT and a 
personal SHRIEK ALARM all in onc 
Compact unit. Fits in purse or pocket 
Uses 3 AA Batteries (not included 
Only $10.95 to: Marta Enterprises, 179 
West Washington, Suite 915, Chicago, 
1L 60002. 


21 HOBBIES /COLLECTIONS 


COLLECT Military Medals, List 50¢ 
Vernon, Box 387PS, Baldwin, NY 11510. 


BEER SIGNS nnd Paraphernalia 25 
pago catalog of where to buy in the U.S. 

-not used). Send $5.00 to: Frann's 
Collectables, P.O, Box 5081, Anaheim, 
CA 92804-108 


ABOUT GIANT CRYSTALS 

AND HOW YOU CAN GROW THEM 
CRYSTOCRAFT COMPANY, 

10322 Schnapt Lane, Newburgh, Indiana 47630 


22 JEWELRY 


CLOSEOUT Jewelry, 55c dozen, 
alog 256), ROUSSELS, 
Arlington, MA 02174. 


(Cat- 
107-1635 Dow, 


23 MINERALS & 


PRECIOUS STONES 


VALUABLE minerals monthly! Free 
details! Minerals, 13057-PS California: 
Yucaipa, CA 92399. 


24 ANTIQUES, RELICS & 
INDIAN GOODS 


PETRIFIED WOOD. Fossil wood from 
Dinosaurland's Triassic Period. $5.00 
Earth Studies, Box 83, Dinosaur, Colo- 
rado 81610. 


25 FORMULAS, PLANS 


POOR OLDE RICHARDS ALMANAC of 
over 5.000 Formulas, Hints and Tips. 
Rush $2.00 For Your First Edition Copy 
to: Nile, 14a Hughey Street, Nashua, 
NH 03060. 


MONEYMAKING FORMULAS - THOU- 
SANDS! CATALOG $3.00 (REFUND- 
ABLE): GWAG, Box 193. Brookfield, 
WI 53005. 
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HENLEY'S 
20th Century Book of 
10,000 Recipes, For- 

mulas & Processes 


{Latest Edition] 
Here is a wealth of prac- 
teal, 


accurate and clear 
information and instruc: 


people in every walk of life, refer to Henley 
Baily. In this gold mine of a book, you too will 


ing way of doing things. As indispen. 
Sable as a dictionary. Satisfaction quaranteed. 
hard cover-cloth binding, Only 

$1.75 postage & handling. 


ler's Inquiries Invited 
EMBASSY SALES Dept. PS-60 
Box 67, East Elmhurst, N.Y. 11369 


26 SCIENCE & CHEMISTRY 


LABORATORY Chemicals- Glassware, 
Catalogue -$1.00. Young- Edisuns, 934 
South, lath, Manitowoc, Wisconsin 
54220. 


NEW 200 Page 1981-82 catalog, list- 
ing thousands of chemicals, science 
¢quipment and labware. Send $2.00 to: 
Merrell Scientific, 1665 Buffalo Road, 
Rochester, New York 14624. 


ECONOMICALLY Priced! Chemicals - 
Apparatus. Catalogue-$1.00. Hagenow 
Laboratories. 1302 Washington, Mani- 
towoc, Wisconsin 54220, 


CHEMICALS - Organics - Hard To 
Find Specialty. SCE. PO 475, Bonita, 
CA 92002, (714)-267-749: 


CHEMICALS & Laboratory Equipment 
Yara Scientific, P.O. Box 1677, Newark. 


CHEMICALS, Supplies book, $1.00 
Laboratory Sales, Box 161-B, Brighton 
MA 02135, 

CHEMICALS apparatus, project books, 
wide selection. Catalog $1.00. Send to: 
Pioneer Industries, 14A Hughey Street, 
Nashua, NH 03060. 


NEW LASER WARS SABER $3.00 
LASER PISTOL PLANS $5.00 
FIVE LASER PLANS $10.00 
CATALOG $2.00 

MORE plans, FANTASTIC RESULTS. 
DO Box 448A, Duarte, California 


NEGATIVE lon Generators. Free In- 
formation, The Seaward Co., P.O. Box 
2039, Burbank, CA 91501-2039. 


26A OPTICS 
TREASURE of surplus optical parts 
and instruments bargains. Send $3.00 


for list. T. R. Inc., P. 
NY 12058. 


O. Box 65, Moocrs, 


27 PLASTICS 


CASTOLITE Liquid Plastics, Crystal 
colors, For casting, embedding, 

flberglassing: in industry. lab: 
oratorics, craft work. Reproduce’ your 
designs with our mold materials, Profit- 
able. Illustrated Catalog $1.00. Casto- 
lite, Dept. 82A, PS, Box 391, Wood- 
stock, IL 60098 


30 GARDEN SUPPLIES 
& EQUIPMENT 


LEARN Gardening And Landscaping 
at home. Free booklet, Lifetime Career 
Schools, Dept. A-992, 2251 Barry Ave- 
nue, Los Angeles, California 90064. 


BEAUTIFUL PRODUCTIVE GARDENS. 
Soil improvement process guaranteed to 
dramatically increase productivity, re- 
fundable, $2.00. Harold Nelson, Box 
50066, Birmingham, AL 35214. 


31B 


PURE MERBS From Folklore, Write 
for FREE Book. "Common Herbs for 
Common llinesses." Estes-PSC, Alma, 
Georgia 31510. 


HERBS 


32 REAL ESTATE 


GOVERNMENT LANDS - from $7.50 
Acre! "Buyer's Guide" . . plus nation- 
wide listings - $2.00. Lands, Box 
19107-FA, Washington, DC 20036. 


NEW . . . FREE... SPRING CATA- 
LOG! Top real estate values coast to 
coast! Please specify type property and 
location desired, UNITED FARM AGEN- 
CY, 612-PS, West 47th, Kansas City. 
MO 64112. 


NEW! FREE! Big Spring Catalog! Over 
5,400 country properties described, pic- 
tured! Land, Farms, Homes, Businesses, 


47 BOOKS & MAGAZINES 


INDEXES to POPULAR SCIENCE avi 


able: full set of 9 for $9, postage 
For 1980 only, send $1.75 to: 
LAR SCIENCE INDEXES, 380 Madi: 


Ave.. New York, NY 10017. 


GOOD USED BOOKS. Wide variety, 


Recreation, Retirement buys! Selected telligent selection, Libraries boy regul 
best thruout the U.S. Over 7! offices, ly; you can too! Science, sj histo 
43 states All Across Ameri Yours fiction, art, illustrated bool yea fo 
FREE from the World's Largest! STROUT. other subjects, Send a dol for cla 
REALTY, Inc, 7 S. Dearborn, Dept. ifled listings of 20,000 titles, pric 
5810, Chicago, IL 60603. Editions, Desk PS, Boiceville, NY 124: 

CALIFORNIA. Acreage. Lots. $40 OUT-of-Print Books Found. S 
down. $40 monthly. 4602 Ethel, Sher- Wants. Booklook, 51 Maple Ave., W 


man Oaks, CA 91423. 


wick, NY 10990 


CANADIAN L 
Recreational & Investment Pro: 
across Canada, Exchange Privilége, 6 
Yearly issues "$5.00. Canadian Estate 
Land. Dept. 22C. 286 Lawrence West, 
Toronto, Canada MSM 3A8. 


34 CAMPING 


EQUIPMENT & TENTS 
FREE Discount Catalog, Backpacking, 


Camping. Campmor, Box 407-P, Bogota, 
NJ 07603 


FLASHLIGHT — never needs batter- 
ies; generates own electricity - $6.50 
Geornells, Associated, 313 42nd Strect, 
Brooklyn, NY 11232. 


39 EARTHWORMS, 


CRICKETS, FROGS 


FREE Literature, Raise Fishworms, 
Crickets. Red wiggler: 1000 
$8.95, 5000 — $42.50, Postpaid with 
free book on How and Where to Sell. 
Carter Farm — 12, Plains, GÀ 31780. 


40 HUNTING & FISHING 
INFORMATION 


QUAIL AND EQUIPMENT CATALOG. 
Also booklet "How To Produce And 
Sell Quail Year Around." Send 25€. GQF 

inufacturing, P. O. Box 1552-K, Sa- 
vannah, GA 31198. 


42 FIELD GLASSES, 


TELESCOPES 


FREE Catalogue! Thousands War sur- 
plus optical bargains. Lenses, Prisms, 
Telescopes, Binoculars, etc. ` Jaegers: 
$916, Merrick Road, ' Lynbrook, NY 


43  GOV'T. SURPLUS 


JEEPS - CARS - $35.00! - 700,000 
ITEMS! - GOVERNMENT SURPLUS - 
MOST COMPREMENSIVE DIRECTORY 
AVAILABLE TELLS HOW, WHERE TO 
BUY - YOUR AREA - $2 - MONEYBACK 
GUARANTEE - "SURPLUS INFORMA- 
TION SERVICES", BOX 3070-A1, 
SANTA BARBARA, CALIFORNIA 93105. 


1982 SURPLUS Army, Navy store 641 
page illustrated catalog, Send $1.00. 
Ruvel 3037 North Clark, Dept. 
M1, Chicago, IL 60657. 


GOVERNMENT SURPLUS! Millions of 
items (including Jeeps) . . . low as lc 
on dollar! Most complete Directory 
available, $2.00. _ DISPOSAL, Box 
19107-FA, WASHINGTON, DC 20036. 


LET Gov't Surplus Make You Rich: 
Complete Info $3.00 "Surplus" P.O. Box 
357 Bear, DE. 19701 


46 PROFITABLE 


OCCUPATIONS 


FREE Catalog. Repair Air Conditioning, 
refrigeration. Tools. supplies. full in- 
structions. Doolin, 2016 Canton, Dallas, 
TX 75201. 


SURPRISE Everybody. Become No- 
tary Public now. We guide you, free. We 
sell notary needs. Raise your image, job 
Yalue. income. Assistance nationwide 
Brochure: Gulf, 234 Club-B. San An- 
tonio. TX 78201 


MECHANICALLY INCLINED INDIVIDUALS 


Assemble electronic devices in your 
home. Knowledge or experience not 
necessary. Get started in spare time. 
Turn your spare or full time into cash. 
No investment - Write for free details. 


ELECTRONIC DEVELOPMENT LAB 
Box 1560G, Pinellas Park, FL 33565 


PUBLISHERS’, OVERSTOCKS, B4 
GAIN BOOKS. 2.000, titles, all si 
jects! Free Catalog: Hamilton's, 98- 
Gitbboard’ panburs. CT 06810. 


48 TOYS & GAMES i 


CUBE frustration? Seven creative | 
lutions, Send $1.50, self-addres: 
stamped envelope. Memor, 
Stewartville, MN 55976. 


49 JOKES & NOVELTIES 


— 


FREE - World's Leading Novelty Caj 
1o; 1600 Jokes, Tricks, Science, Spo 
bies, Johnson-Smith, C-11, Mt. Cle 


ns. MI 40043. | 


a ee 


52 STAMP COLLECTING | 


100 DIFFERENT U.S., 25¢ to ap) 
applicatns, Bradley, Midlothian, Vir 


CANADA Montreal Floralies mint 
approvals, Rheaume, 91 Val 
Que., Canada HIM 149. 


UNITED NATIONS 3 Complete 
Sets, 25e. Approvals. Cornetta, 
1509-P, Lake Placid, FL 33852, 


OLD U.S, Stamps on a 


Box 15355R, Philadelph 


a 
delphia, 


different stamps - only 
tastic worldwide approv 
423-OE, Audubon, PÀ 


Used stamps! 300 diffe 
.00: 500 different $5.00: 750. di 
ent $11.00: 1,000 different $21 
Burke's Stamps, Box 219-P, Glens 
PA 15116. 
WOW! 50 All Different Germany-1| 
Super collection of genuine German Cf 
memoratives, Definitives, Airmails, 
Values. Free Big Catalog. Also 
stamps from our approvi 
hat you like. Return balance prom) 
Send 10c today! Thank you, Jam 
Stamp, Co. Dept, A12PS, 
NY 14701. 


OLD US. bargain stamps 
fore 1930! Uncommon us 
"nine" condition. Worthwhile moi 
saving approvals. Adults only. (No 
no packet material). Rivertown, D] 
1528, Ada, Michigan 49301. 

FREE! Big Bargain Catalo 
tion listing thousands of 
cluding U.S. & B.N.A. stamps, 
albums, accessories and suppli 
Fine Stamps from our approval s 
Buy only what vou like. Return 
promptly. Thank vou. Jamestown S! 
Dept, E12PS, Jamestown, NY 1470 


E only 10e for nice collectio 


SPECIAL five, 5¢ plate blocks 
$1.00. FREE wholesale price lists. Ai 
co, Box 260665, St. Louis, MO 6313 


FREE, U.S. Mint Set. Approvals, 
debrand. Box 4867, Santa Clara, 


$1.00! Approvals. Gordon Davison, 
toocook, New Hampshire 03229. 


30 BEAUTIFUL TOPICALS, 
when requesting our approvals. 
STAMPS, Box 5552, Jacksonville, 


FREE Surprise collection sent 
approvals. Jay, 1784 Union, San 
cisco 94123. 

2,000,000 STAMPS - 150 count 
2c cach, Belden, Box 4149, Deart 


18126. 


FREE —.,220, United States and 
lorldwide stampa: Approvals, 
‘ops, Box 1427, Bellflower, CA 90108 


FREE Worldwide packet, Penny ap- 
rovals, Froelich, Box 412-B, Morton 
rove, IL 60053. 


300 DIFFERENT Worldwide stamps 
5e With Approvals. R.G. Sales, Box 
065, Jamaica, NY 11431. 


GREAT U.S. Free Gift - Fine U.S, ap- 
rovals and want list service - Send 
5c for handling, The Stamp Boutique. 
865, Wheeling, IL 60090. 


PENNY Approvals! Regardless Cata- 
gue! Kloster, 4164—52nd Street, San 
ego, CA 92105. 


[3A SATELLITE TV 


SATELLITE TELEVISION. Receivers 
00, dishes $100. LNA'S, downconvert- 
s. Catalog $5.00. Satellite Syste: 

jevelopment, Dept. E, Box 184, Milpi 
p». CA 950. 


SATELLITE TV Systems, Catalog 
3.50, S-N-D Satellite, P.O. Box 17483, 
rtland, OR 97217. 

RECEIVE 80 television channels by 
tellite! Secrets... $1. Meier, Maple 
.-81, Charlevoix, Michigan 49720. 


SATELLITE TELEVISION EARTH STA- 
ION Reference Manual and Buyers 
uides. comprehensive educational, lay- 
an engineer U.S. $18.95 plus $2.50 
dling: Lee Electronics, Box 4127, 
hawnee Mission, Kansas 66204. 


4 RADIO, TELEVISION 


MICROWAVE Downconverters: Kit. - 


CABLE TV DESCRAMBLERS AND 

ONVERTERS. Plans and Parts, Build 
buy, For information send '$2.00. 

D Electronics, P.O. Box 21, Jenison, 
9428. 


MICROWAVE RECEIVER SYSTEM. 
rite; "DEALERS WANTED" Dept. PS, 
E 440668, Aurora, Colorado 80044, 
503) 620-9736. 


RADAR Detectors Car Stereos. BNS, 
O. Box 41217, Chicago, IL 60641, 


FREE Educational Electronics Cata- 
Edukits Workshop, Department 
A, Hewlett, NY 11557. 


Crystals, Radar De- 
sion. HPR. Box 19224, Denver, CO 


INEXPENSIVE CATV CONVERTERS. 
MICROWAVE 

NNAS! $2.00. ACM, 

a1. Walnut creck, CA 94598. 


Box 


| MICROWAVE Television | “Downcon: 

jer $50.00. Catalog: $2.00 
HOSTE NDS, Box 12052P. Dal- 
ls. 15225. 


36e TUBES. Radio & TV! Free Color 
htalor, Cornell, 4217S University, San 


108. 


UILD YOUR OWN TV CAMERA! 
deal for home & business" 
icastng, Complete tut 


Whether for FUN or PROFIT, we 
pem 
Oa. saie snme. Alo 


jal Cat 

snore 

H3: Soun, ipi h "ute 

(OME OR WAY 108 ret 

VOS Ada 

SL R3 567497 doy 
1305 aROADWAY st v. 

Eine 33231 


El 1 
TV Research 


CB RADIO 


CBER'S! Twice The Power. Transmit/ 
Co-Phase Ant. Instructions. 
. Box 334, Walsenburg. 


ELECTRONICS, 
STEREO, HI-FI 


LINEAR PLAN: ts, GOODIES. 
v "catalog. “SKIPPER”. Box 130-Cl; 
adise, CA 95969. 


BO Descrambler Plans and Instruc- 
ns. SASE $5.00. PWCS, Box 9048, 
tsburgh. PA 15224. 


RGAN & PIANO KITS 


WORLD FAMOUS inst- 

ruments you bulld your- 

self. Save upto2/3! Mod- 

ular concept - add new features as 
desired. No obsolescence. Free 
literature - Specify Piano or Organ. 


WERSI electronics, Inc. Dept. M20 
Box 5318 , Lancaster, PA 17601 


Tats (518) 561.3700. 


VIDEO GAMES 


CRESTA, PHOENIX, SCRAMBLE, GALAXIAN 
Now you wil win and have high score on these and other 
Popular Video Games with a new book by the Video Tech- 
nica Co. This book shows all the pattems, tricks and maneu- 
vers allowing you to play for hours while saving money. A 
Must for video game players. Guaranteed. Send oniy 5.95 + 
350 postage to: Video Technics Co. Empire State Buicing, 
250 5th Avenue Suie 3308, New York, N Y. 10001 


56 RECORDS, TAPES, etc. 


PRESIDENT ASSASSINATED! "Ken. 
nedy Presidency” — valuable, historical 
cassette tape. Mail $5.00. Tower, Dun- 
Kirk: MD. 20754-0213. 


FREE CATALOGUE, 2500 Collectors 
Records. Nostalgia, 300 Chelsea, Louis- 
ville. KY 40207. 


SCWL'"SUBLIMINAL TAPES 
The newest behavioral science techniques avail- 
able weight loss, health, stress, mem- 
‘ory, success, personality, and more. Learn 
why this technique is ua such extra- 
rdinary popularity over osis. Free bro- 
chure and studies. MIDI RESEARCH. 
1755 Williams Lk. Rd.. Dept. PS-5, Pontiac. 
| Michigan 48054. 


57 MUSICAL INSTRUMENTS 


HARPSICHORD 
tive action, You can build it. Write: Bar- 
Fon Pianos, 7228 Eads Ave.. La Jolla, CA 


makers, repairers of stringed 
ments, ‘Imported woods, 
ries, kits, Fine German-made 
olas, cellos, basses and bows, Send 25c 
for catalog, 10% Credit certificate will 
be enclosed. International Violin Com- 
any, Ltd. Dept. JA, 4026 W. Belve- 
lere Ave., Baltimore. MD 21215. 


57A MUSICAL 


INSTRUCTION 


PLAY MUSIC BETTER through un- 
derstanding Chords as used to create 
"musical ideas". FREE INFORMATION 
- Music Learning Systems Publishin, 


(12PS), RD3, Box 142, Olean, NY 
14760. 
58 SONG WRITERS 


POEMS - SONGS WANTED. Free Pub- 
lishing/Promotions. Broadw; 
Box 1438-FS. Sarasota, FL 33378." 


59  IMPORT-EXPORT 


+ 2500 “Fast-Sellers.” Free Brochures! 
Brightco, Box 91309-X1, Cleveland, 
Ohio 44101. 


60 BUSINESS 


OPPORTUNITIES 


SUCCESSFUL —— ENTREPRENEUR'S 
Complete New Guide "Starting Your 
Fast Food Business from Scratch" $5.95. 
Miller-Williams Co., Crest Drive, Rt. 3 
Box 600, Eureka Springs, AR 72632. 


BELTS And Buckles. Complete Line 
Fast Sellers, including Westerns, Truck- 
grs. Motorcycles, Wildlife, ete. Big Prof- 
its. Complete dealer set u talog 
$1.00. Anchor, Box 3958-BPS, North 
Providence, RI 02911. 


BUMPER Sticker Printing Device. 
Cheap. Simple, Portable. Free details. 
Bumper. POB 22791(LLD), Tampa, FL 


MAKE HOMEMADE BOOKLETS. I'VE 
000 WITH MINE. Free 
Dasher, Box 548, Wood- 
ville, Texas 75979. 


sonalize business 
es. Free Details. Gol 


nci 
Magic, 
24986 (LLC), Tampa, FL 33623. 


MAKE rubber stamps. Highly prof- 
itable business, Free Details. Stamp 
Magic, PO Box 22809 (LLC), Tampa, 
FL 33622. 


SELL SENSATIONAL LOW-COST PRE- 
ENTRY PROTECTOR for Automobiles- 
Buildings, Exceptional Distributor mar- 
gin. Northwest Electric, Ave. 3025. 
Mitchell, SD 57301. 


VITAMIN Power... Buy direct from 
factory. Build steady. repeat order, high 
profit business, Distribute 200 highest 

ty natural nutritional supplements. 
is not a multi-level sales deal, For 
nd confidential distributor's 
write: Vitamin Power, Dept. 
'anklin Ave., Valley Stream, NY 


STARTING YOUR OWN BUSINESS? 
GOVERNMENT GUIDE. Includes: Should 
you? How? Where? What? Franchises. 
Regulations. Worksheets, Checklists. 98 
pages. $7.00, Guaranteed! AJM, Box 
239-PSL, Pearl River, NY 10965, 

SELL Books By Mail, Profitable. Mu: 
grove-IBl, Altus, AR 12821. 

FREE BOOK. BECOME OPPORTUNI- 
TIES AGENT. Earn thousands. Oppor- 
tunities Box 1564-B1, Fair Oaks, CA 
95628. 

MAILORDER Opportunity! Start prof- 
itable home business without experience 
or capital Write for free book, plus de- 
tails. Mail Order Associates, Dept. 630. 
onivale, NJ 07645. 


SOLAR Heating learned quickly at 
home! Free information. Empire School, 
Box 193, Rockville, IN 47872. 


FREE Book, "2042 Unique Proven 
Enterprises." ‘Fabulous “unknowns,” 
second inflation income. Haylings, Carls- 


MAKE MONEY WOODWORKING - 
Easy profits making unusual gifts, nov- 
elties. Free details. Williams, 32N Titus, 
Glen Cove, NY 11542, 

PIANO Tuning learned quickly | at 
home! Free information. Empire School, 
Box 1014, Jupiter, Florida 33458. 


HUNDREDS WEEKLY POSSIBLE! 
MAILING PROGRAM. Nationwide, Box 
58806, Dallas, TX 75258 


REPAIR HYDRAULIC JACKS —Frec 
details. Hydraulic Parts Supply, Dept. S. 
Box 4157, Brownsville, TX 78520. 


SCRAP Plastic available free every- 
where. Operate your own profitable re- 
cycling center. Details: Plastic Recyclers, 
Box 241-S, Hamilton, OH 45012. 


UNSURPASSED OPPORTUNITY! Form- 
er Shaklee President heads new organi- 
zation. Free information, Enhance. Box 
552-JP, Fort Payne, Alabama 35967. 


$2,000 MONTHLY Possible selling in- 
formation by mail. Free Report. State 


Shop, 507-59, Sutherland, Stockdale, 
PA 1548 
PLASTERCRAFTI Moneymaking home 


s. Mailway, 24949-EF1, 
Nashville, TN 37202 


VENDING Machine, No selling. Routes 
earn amazing profits. Big Catalogue 
Free, Parkway Corporation, 1930PSB 
Greenspring Drive, Timonium, Maryland 


21093. 


MAKE Durable Building Plastic Easily. 
Waterproof, Fireproof, Economical. Bays 
Laboratory. 2086—2075 Drive, Cedar- 
edge, CO 81413. 


CONVERT ELECTRIC CARS, your ga- 
rage, YOUR Customized Moneymakers! 
Free Report. 3E Engineering, Box 
19409-AM, San Diego, CA 92119. 
BARGAINS! BUY WHOLESALE AND 
BELOW! Name Brands. Appliances Fur- 
niture, Sports Equipment, Televisions. 
Cameras, Watches, Jewelry, Tools, 
Closeouts, Surplus. Thousands, Morel 
Free Details. Write Todi inhunt- 
ers Opportunities, Box 
Michigan 49423. 


PIANO Tuning quicklv learned with 
home study course, Diploma granted. 
American Tuning School 17050 Telfer 
Drive, Morgan Hill, CA 05037. 
MECHANICALLY inclined individuals 
desiring High Weekly Profits operatini 

| Manufacturing business Without 
Investment write: Businesses. 92-P 
Brighton 11th, Brooklyn, NY 11235. 


"Holland, 


GET RICHI! Secret law smashes debts 
ind credit! Details FREEIT 
. Billings, NY 12510. 


"FREE SUBSCRIPTION" . . . To mon- 
eymaking and home business opportunity 
magazine Write: Free Subscription, 
7250B Berea Road, Winston, GA 30187. 


CONCRETE Block Machiner log 
$100. Route One Box 99. Rapid City. 
South Dakota 57701. 


DEBTS WIPED OUT with secret Fe 
eral Law!! Fortune-building FREE 
PORTI! Blueprints, S1, LaGrangeville, 


DISTRIBUTORS, Immediate Cash Prof- 
its! Revolutionary Automotive Bargain. 
Free ovt Motaloy, Box 445781. 


Orders, We dropship 
2500 „Best-selling | specialty products 
Lowest below-wholesale prices. Imme- 
diate delivery. Spectacular home busi- 


ness opportunity, Free Book, SMC, 6061 
De Soto Ave, Dept. 28-13, Woodland 


CA 91365. 


START Your Own! "HOME REMOD- 
ELING BUSINESS’ Details!, Re- 
modeler, Box 262, NY 
11758, 


ERSONAL Business Loans No Col- 
Write: GELCO, Box 34293G, In- 
lis. IN 46234 


.00 MONTHLY For Ten Hour 


Work Week! Guaranteed!! Homework . 
Start Immedi Paid Daily 
Free Informatio 
Box 1028-C: 

IMPORT.EXPORT opportunity. prof- 
itable world-wide, mail order business 


from home, without capital. We ship 
plan for no risk examination. Experience 


unnecessary. Free Report. Mellinger, 
Dept, R2601, Woodland” Hills, CA 


$92.00 FROM Square Foot, Plywood 


(Huge Demand), Revealing Proof 25¢ 
(Refundable). Woodwins, Bridgewater, 
MA 02324, 


MONEY SECRETS - 
HELP people and businesses get mon- 
Easy home business, Fantastic prof- 
Tis. No experience - own hours. Con- 
tinuous assistance. Free Details: DFC, 
Dept. 11-G-1, 1145 Reservoir Avenue, 
Cranston, Rhode Island 02920. 


Details: Lynnette, 6251R Mentor Park, 
Mentor, OH 44060. 


BECOME Tax Consultant - Our stu- 
dents earn $1,000 - $3,000 every tax 
season preparing returns evenings. State 
approved. National Tax School, Monsey, 
1AP, New ic 10952 


Make $200.00 + 
per evening assembling Projectors . . . 
Easy ... Results equal to $2,500 pro- 


PROJECTION TV... 


jectors'.'. . Your total cost less than 
$15.00 .. . PLANS, LENS & Dealers 
information $14.00 .'. . Macrocomaeex. 
Washington ^ Crossing, | Pennsylvania 


18977. Creditcard orders 24 hours 215 
736-2880. 


SPARE time fortune in Vinyl Repair. 
Hugh demand creates exceptional prof- 
its. We supply everything. Details free. 
VIP, 2036 Montrose, Chicago 60618. 


GROUND FLOOR OPPORTUNITY — 
boss! Have unlimited earn- 
Free details. Scott's, P.O. 
larksburg, NJ 08510. 


Proof. Baker, 
Brooklyn. NY 11218. 


FUN, INEXPENSIVE, PORTABLE. EASY - 
NO TRAINING NEEDED. ANY MESSAGE 
IN MINUTES. Get FREE DETAILS. P. O. 
BOX 22791 (LL), TAMPA, FLA. 33622. 


Start home. spare time. Investment, knowledge or 
experience unnecessary. BIG DEMAND assembling 
electronic devices. Sales handled by 
professionals, Unusual business opportunity 
FREE: Complete ilustratad literature 
BARTA, Box a5 — «m 
Walnut Creek, Calif. 94597 
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61 .MONEYMAKING 
OPPORTUNITIES 
CHRUMPER „Sticker Printing Device 


Portable. Free Details. 
Tampa, FL 


p, Simple, 
Sumper, FOB 32791 (LLC! 
33622. ja 


GOLD Foil Printing For Profit. Per- 
sonalize business cards, pencils, match- 
es. Free Details. Gold Magic, POE 
Bose (LL). Tampa, FL 33625. 


$57.40 DAILY Starting next week! 
Details send 20cts poststamp. Sbiapop. 
Drawer 4308, California 91607-0308. 


GET RICH, Wealth Producing Secrets. 
Free Details, White Star, Dept PS1 526 
Mill Street, Grass Valley, CA 95945. 


GROW RICH WHILE YOU SLEEP! 
3.00 Reveals how. Terlaine Enterprises, 
'S-1, 3009 Brookwood Rd., Ellicott 

City, MD 21043. 


CRIME PAYS! 150% Profit. Distrib- 
ute Security Products. Evergreen, Box 
1320 (PS), Lakegrove, OR 97034, 


69 CONTESTS 


JOIN $Million Lottery Pool. Gary, 
Box 2535 Saint John, New Brunswick, 
Canada E2L 4S8. 


69A LOTTERIES 


WIN MILLIONS in Canadian lotteries. 
Free details plus FREE TICKET OFFER. 
Lucky Buck (PS), Box 171, Station 
W. Toronto, Canada M6M 422 


$Millions won monthly 
ernment lotteries. Enter NOW. 
tails. Winfall Enterprises, Dept. P, Box 
554, Town of Mount Royal, Montreal. 
Quebec. Canada, H3P 3C7. 


70 AUTHOR'S SERVICE 


HOPEFUL  Authors/Beginners new 
no-risk guide, manuscript to publica- 
tion. Free details. Gillen Publications, 
29345 Hipoint, Valley Center, CA 


LEARN The Secrets of Repairing Junk 
Batteries. "Fabulous Profits". small in- 
yestment. Apex Engineering, 5454 Bol 
Road. Atascadero, CA 9342: 


GET, RICHI! Secret law smashes debts 
= - = brings Cash credit! FREE report!! 
Weaithkit-S, Billings, NY 12510, 


ALOE VERA products 
made. Save money on your own products, 
Free information and sample. Best Ways, 
Box 33. Citrus Heights, CA 95610. 


FREE Typewriter Repair Course, Send 
$1.00. postage /handli receive 


struction packet, Athey, D-1, Saxon- 
burg, PA 16056 


WIN BIG OIL MONEY 
Plus Tax Benefits The State of Wyoming sponsors] 


62 EMPLOYMENT 


INFORMATION 


AUSTRALIA - New Zealand! 
jobs. Free transportation. Listings $ 
Information 68 countries. Austco, 
T12-F, Cypress, CA 90630. 

WEEK ON, WEEK OFF! Gulfcoast off- 
shore oilfields. 


Box 


Men. Women. Dotails 
$5.00. UNCO, Box 17103, Pensacola. 
FL'32522. 
62A HELP WANTED 


PLENTY OF 


AN OHIO OIL CO. offer 
inge benefits 


MONEY plus cash bonuses 
ure individual in 


Dayton, Ohio 45401. 


WORK AT HOME JOBS available: 
Substantial earnings possible, Call 504- 
641-8003 ext. 11 for information. 


$180 Per Week Part Time at Home. 
Webster, 
com] 


America's foremost dictionary 
is home workers to update 
iling lists. All ages. experience 

- Call 1-716-842-6000 Ext 


63 SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Re Specialists, 60-19 Woodside 


tls, Woods 


ide. N' 


66 AGENTS WANTED 


FREE SHOES! 


RETAIL VALUE OVER $45 


Ill show you how you 
can earn free shoes or boots for yourself 
PLUS up to $300 a month In extra 1; 
come. Show friends and neighbors ho 
they can save $15 to $20 a pair on 
high quality shoes or boots. Selling kit 
rite: Gordon King, Hanover Shoe, 
Ine. Dept.3212, Hanover, Pa. 17331 


Ze 


68 REMAILING SERVICES 


PRIVACY. Confidential Mail Forward- 
ing/Receiving. Orlando Mail Drop, Box 
18039PS, Orlando, FL 32860. 


140^ POPULAR SCIENCE 


PUBLISH YOUR BOOK! Join our 
successful authors. Publicity, advertis- 
ing, beautiful books, All subjects invit- 
ed. Send for fact-filled booklet and 
free manuscript report. Carlton Press, 


Dept. PSA, 84 Fifth Avenue, New 
York 10011, 
72 EDUCATION & 


INSTRUCTION 


“JET/GAS TURBINE CAREERS!” 

Homestudy courses — theory, main- 
tenance, overhaul. AMERICAN JET 
SCHOOL, Dept. PS-3, Darby, Montana 
58829. (406) 349-2100, 


ROMANS iru 
Tracts, 1127 5 St. NE, Ocala, FL 


Unproved. 
2670. 


UNIVERSITY Degrees by mail. Legiti- 
mate, prestigious, inexpensive, fast. Free 
details. Dr. John Bear, 9301-BX, North 
Highway One, Mendocino, CA 95460. 


FREE Encyclopedia Winemaking B 
making Supplies, Equipment, Ingredle 
Send $1.00 shippini 

Box $7498, Rochesti 


UNIVERSITY DEGREES! 
Fast, Economical Accredited. FREE Re- 


No Classes. 


WINEMAKERS—BEERMAKERS | 
log. Fast Service, Large Select 


sealing Details. Success. Hox 13151- | Kraus 7850-N, independence, 
51. Columbus, OH 4321. 64053, 

UNIVERSITY DEGREES BY MAIL! WINEMAKERS - BEERMAKERS 
Bachelors, Masters, PH.D.s . . . Free re- | Fresh Stocks. Fast Service. Free C 
vealing details. Counseling, Box 389 | iog. O'Brien's, Box 284A. Wayne, 
PS1, Tustin, CA 92680, $0184. 

COLLEGE Degree for work and life BEERMAKERS ^ Catalog/Newslei 
experience. elor's, Master's, Doc: | Free! William’s Brewing, Box 461- 
iorate. Write or send resume. America. | Oakland, California 94604, 

National University, 3500 N, Centra | — —— 
, AZ 85012 WINEMAKERS — BEERMAKERS 


333, Phoen: 
657 


FREE Lifetime Ordination. Become 
Chai Missionary Evangelist, Bishop. 
Box 744:PS, Mckeesport, PA 15134. 


INSTANT MEMORY 


new way 
A short, simple method of acquiring a powerful 
memory. No memorization, no keywords. Release your 
photographic memory. Leam "how" you remember, 
"why" you forget. Discover your natural ability to 
recall Eus Send for free information to: 
INSTITUTE of ADVANCED THINKING 
ASPS ViaLaPaz. Pacific Palisades, CA 90272 


73 CARTOONING, 


SIGN PAINTNG 


MODERN Cartooning Taught by Mail. 
Write for Free Brochure. Cartoonerama, 
Box 263-BR, Branford, CT 06405. 


LEARN Sign Painting—Free Cata- 
logue, Kaufmann Supply, Centertown, 
MO 65023 


VETERINARY Ass 
home for exciting 
Send tor Free "Career Kit. 
ican School of Animal Sciences, 
PCCCl, Newport Beach, CA 92680. 


Train at 


DRAFTING is a great career! Men, 
women, No previous experience or spe- 
cial talent needed. We train you at 
in spare time. Get free facts 
Write: North American School of Draft- 
ing, Dept. PCCC1, 4500 Campus, New- 
port Beach, CA 92660 


DEGREES, Thesis Method, Brochure. 
$1, North, Box 207, Springfield, MO 


FINISH HIGH SCHOOL AT HOME 
COST BREAKTHROUGH! 
Learn by cassette. Free School rin 
formation. "Columbia | School. 
247 W 3rd St., Beverly Hills, CA 


T REISCH WORLD WIDE COLLEGE OF 
AUCTIONEERING. INC., World's Larg- 

Free Catalog.” Approved for VÀ. 
Auction Library "FREE" with 
42. Col, Gordon 
Ej Taylor PO. Box 949, Dept. 3, Mason 
City, IA 5040 


Tapes. 


FREE CATALOG! Self Hypnos 
Brook- 


Educational Systems. 14-81, 
lane, Peekskill, NY 10566 


CLOCK AND WATCH REPAIR book: 
Frec catalog. North American, Box 
TTBNA, Fox River Grove, Illinois 60021 


CURIOUS? Facts about oil and 
Formation to Production - Educational 
$3.00. DJH, P.O. Box 317, Broken 
Arrow, PK 74012 


LEARN BLU 
total cost. Free 


BRITISH DEGREES. Obtain yours now 
from London. Bachelors. Masters. Doc- 


Industry, Sciences, 
. Medicine, Social 
(Airmail $1 


torates, Commerce, 
Philosophy, Divini 
Sciences, Free Prospectus, 


peundebel, College Registrar, DUM. 
103, BCM - Collegiate, London, WCIN 
5X, England. 


ACCREDITED COLLEGE DEGREES BY 
MAIL. Details. Graduate Referral Ser 
ice, 3010 Santa Monica Blvd. S 
173-PS, Santa Monica. CA 9010 


te 


LEARN Dowsing. Radionics. Radies- 
thesia and E.S.P. Subjects, Free Ilus- 
trated Catalog, Courses and Equipment. 
(Airmailed $2.00.) — Establis 36 
Bruce Copen. Highfield. Danehill, 
England RHi7 TEX. 


Years 
Sussex, 


BARTENDING — Bar Management 
Home Study. Bartending Traini 
G San Fernando Road, Glendal 


LEARN WHILE ASLEEP! Astonishing 
New Method! Strange Catalog Free! Au- 
igge ton. Box 24-A. Olympia. WA 

501 


CARTOON for Fun and Money!!! 
booklet: Cartoons. Box AOSITB. Dee 
troit. Michigan 48240. 


76 DETECTIVES 


FINGERPRINTING - excitiny scien- 
tific career. Home study course teaches 


gversthing. Certificate on completion. 
Man; openings: prepare now, Profes 
sional stigators Training School, 


Dept, FP. P.O. Box 41256, Los Angeles: 
CA 90041. 


DETECTIVE Profession, easy home 
study; free tie-tack el pin, certif- 
eate, future, Professional Investigators 
Training School Dept. CB. P.O. Box 
11256. Los Angeles, CA 90041. 


77 LOANS BY MAIL 


BORROW By Mail! Free Details! MBG- 
PS181, Box 2298, Sandusky, OH 41870. 


00.00 - 
350,000.00. teral, Bad credit 
no problem: GELCO Financial 
Services, Box 34203-A, Indianapolis 
IN 46234. 


IMMEDIATE Loans to deserving in- 
dividuals refused elsewhere. Many pla 
included. Tr, Associates, Box 3. 
Brooklyn, NY 11235, 


BORROW BY MAIL! 51.000 - $25.- 
000. Bad credit? Refused elsewhere? 
Write: Worldwide, Box 27191-PS5, At- 
lanta. GA 30317. 


BORROW $30,000 without interest! 
All eligible. Repay anytime. Free do- 
tails. Infohouse, New 
York, NY 10003. 


Box 1004-PS1, 


QUICK MAILOANS! Free application 
rushed! Lenco, Box 724-P13, McMinn- 
ville, Oregon, 97128. 


BORROW $125,000 EVEN IF RE- 
FUSED ELSEWHERE. No gimmicks. IFC. 
Box 1146-PSl, Lawrenceville, Georgia 


30245 
QUICK  SCashs Signature Loans! 
Write: Elite, Box 454-PS, Lynbrook, 


New York 11563. 


BORROW FROM HOME 
ANY amount, any worthwhile 
nose. within 30 days. Competitive Rates. 
Also. vou can earn substantial income 
as a Money Agent. No experience - own 
hours. National Company to assist every 
way possible. No Gimmicks! Free Details: 
DFC, Dept 11-C-1, 1145 Reservoir 

Avenue. Cranston. Rhode Island 02920. 


78 WINEMAKING 


WINEMAKERS - Beermakers: Free Il- 
lustrated catalog of supplies. Semplex, 
P.O. Box 12276H, Minneapolis, MN 
55412-0276. 


pur- 


ELECTRONICS Degree BSET! by cor- 
iospondence, Grantham College, 2500 
La Cienega, Los Angeles. CA 90034. 


BEERMAKERS - Finest supplies. lo: 
gst prices, Free catalog. Beer Gear, Box 
25093-S, Lansing, MI 48909. 


GASOHOL. Free Catalog. 
Supplies. "Continental, 
indianapolis, IN 46268 


Equipn 
Box 68016. 


WINEMAKERS - Beermaker: 
lustrated catalog of suj 
12276H, 


FREE BEERMAKING BOOK plus ci 
log. Finest equipment, Ingredients. C 
Day Service. Fully guaranteed. SPI, 
784-8, Chapel Hill, NC 27514. 


79 BUY IT WHOLESALE | 


SWIMMING POOLS, uipm 

Chemicals, Supplies, WHOLESALE #1 

ing, gave 20% . 50e, Send 
CATALOG. The Pool Store, Tara 

OH 44485. 


REPAIR PARTS for chainsaws, la 
mowers and small engines combine 
quality and low prices. Shop tools. Gt 
anteed, FREE CATALOG. For spe 
dealer information also give tax no, 
company name. Repair Parts, Bj 
10814, Box 10308, Erle, PA 16515, 


St., Warren, 


400,000 BARGAINS Below Wholed 

Many Free! Liquidations . . , Closeo 

Job Lots... Single Samples. | 

üctáils. Worldwide Bargainhunters 
B. Holland, MI 49423. 


84 PRINTING SERVICES 


3,000. GUMMED, Addressed La 
55:00. Write: Overlin Enterprises, 5 
Davon Trail. Elizabeth. CO 80107. 


85 PRINTING & RUBBER 
STAMP OUTFITS 


PRINT YOUR OWN — "be 
Si, Type. Supplies Direct From Pac 
Send 25e, for Catalog and Sampi 
Kelsey Company, DS, Meriden, 
06150. 


86A HYPNOTISM 


MYPNOTIZE Women! _ Gentlei 
Neighbors! “Professional Secrets 
vealed! Powerful Methods, $3.0 

son Thompson, Box 1085-PS, 
Mountain, 


C 28711. 


FREE Hypnotism) Sleep 
publication DLP, Box 487, Anaheim 


88 OLD GOLD, JEWELRY 
WANTED 


information. 
Gold & Precious Metals 
Dept. $51; Chicago 60003. 


89 WATCHES, CLOCKS— 
SALES & SERVICE 


WATCH and Clock Repairing B 
Tools, Materials, Free Catalogs. 
American, Box 77-BN, Fox River Gi 
iL 60021 


91 OF INTEREST TO ALL 


BLACK GOLD, An 85g. bottle of 
uine Canadian Tar Sand. 

with an informative 

includes postage, to: Petro San 
Box 594. Maple, Ontario, Cana 


NEED CREDIT? Get Visa, 
Charge Card — with no credit 
Guaraptecd: It's simple, Legal. 
Other credit secrets, FREE details! 
S.A.S.E. to: Inflation Reports, 
P.O. Box 60148, Los Angel 
90060. 


SA Cardi! No Credit Check. Sase to: 
t^ Sonsuitants ES. 2101" Delamo, 
'sfield, CA 93305. 


SSIAM PROMISED LIFE TO THE 
Send 


CUSTOM ELECTRONICS 


Simple circuit or sophisticated system, our 


design group can find a solution to your prob- 
lem. Write today for your free copy of our 


ERCOMER. for your 


"Designer's Guide To Custom Electronics". 


Nirss Design Group, 
P.O. Box 335-Stn. St.-Laurent, 


FOR INVENTORS Montreal, Quebec H4L 4V6 


COME A PATENT BROKER. Save 


es S. Prince, Tenton Consultant, 94A PATENT 
H, West 57th, NYC-100 ATTORNEYS 


“Nev PEAS, jvpvTONS 
ANTE! 


: PATENT ATTORNEY Represents In- 
d d yeptors By Mail. Box 405. Medeld, 
MA 0205: 
‘Street 
Pittsburgh, PA 18222. 95 INVENTIONS WANTED 
RN how to offer your invention 
lease, Free Booklet Out- INVENTORS: If you have an inven- 
royalty rates, re- | tion for sale or license, write for free 


w Sales Corporation, 
"1, Fremont, OH 43420. Kessler 


mont, Ohio 4342 

$10,000 PLUS royalties for usable 
inventions, Rob Mar 
inet Box 31290. Louisville, KY 40 
(502) 969-2386. 


C-7-1W, 


102 TREASURE FINDERS, 
METAL DETECTORS 


GOLD, SILVER, coins, relics - Find 
with unique patented, treasure finder 
units -,None better, low prices: 


echa Dept, “Ch, 
31900 "Montana Avenue, El Paso, Texas 


106 PERSONAL 


A COMING Whirlwind to sweep this 
earth Free ‘Information! Write: Har- 
vest, PS, Jefferson City, MO 65102. 


BUG Detection Equipment, Litera- 
ture, $1.00. Clifton, Box 220-À, Miami, 


we old coins, jewelry. gold nug- 
gets. New patented revol litiónary de- 
ce, Free catalog. Gardiner, 4720L 
Tth Ave., Phoenix, AZ 85013. 


105 MISCELLANEOUS 


VACUUM CLEANERS “DIRECT.” 
NEW Rainbow $299.95, Filter Queen, 
Compact, Kirby, Details: ABC Vacuum 
Warehous: Burnet-PS, Austin, 
Texas 787 


DIVORCE? Don't lose! Literature, At- 
EN IGHTS ASSOCIATION, 

{BoA Forest Lake. MN 53029-0189. 
BECOMI Ordained | Minister, 
Spread God, Word. "Free ‘Information: 
World Church. Box 734, Goodlettsville, 


m 


UNIVERSITY DEGREES BY MAIL. Le- 
xal. inexpensive. Free revealing 
details. 


jounseling, Box 389-SP1, Tus- 


tin, CA 92680. 


SECURITY AT LAST For automatic 
garage doors. Remote control guaranteed 
Secure, Information free. "SAFE-LOC,' 

P.O, Box PS487, Waupaca, WI 54981- 


ORNAMENTAL Iron designs. Book of 
1600 beautiful practical 

railings, columns, etc. Fr 

Cunningham, $881 South 3200 West. 
P.O, Box 26005-S, Salt Lake City, UT 

84120-0005. 


INVENTIONS WANTED 


FREE CONSULTATION e NO IDEA TOO SMALL 


Disclosure registration. Potential cash or royalties 
from manufacturers new ideas. For free in- 
formation on how to register your ideas. Call or Write 


American Inventors Corp. 


an 
Preliminary Review 
re, "Box "$0205. Millwood. Ne 
10546. 


TENT IT ECO! ALLY! Write 
inor, 2008 Tondulae Rds Richmond 


INPROFIT foundation helps inven- 
Widest range of services, Free 


ding forms. Free evaluation, Af- 59 Interstate Dr. PS 
od "Inventors Foundation, 50i-A | West Springfield, MA 01089 (413) 737-5376 
Colorado Springs, CO 80909. A Fee d Marketing Company 
—— == ———— eii um MN 
S INVENTIONS 100 WANTED TO BUY 
ducts wanted * Let us 
A QUICKSILVER, plati il ld 
submit your concepts or Ores analyzed. Mercury. Terminal, "Box 
to industry. Send for 191, Norwood, MA 02062, 
pation Kit P90 SCRAP SILVER ELECTRICAL CON- 
l FACTS, © rorklft^ Contacta Industrial 
crap "Silver, Sterling, Silver. Solder, 
ection: 701 Smibfeit Steet, If | Coid piate, Computer Scrap. Send sam: 
incorporea eem. 18222 [| Robert Leszerak, O32 MEO SE 
suum numm uuum uuum uuu C977 MIM | beth NJ 01202. i dud 


7 — 77 10-DAY FREE TRIAL COUPON — —^ 
POPULAR SCIENCE BOOKS Pip 
Box 2018, Latham, N.Y. 12111 


Please sh. eon py (les) o! HOW TO WORK WITH CON- 
CRETE AND MASONRY (Book No. 040) 
C) l enclose $3.95, plus $.89 to cover delivery and handling | 
Charges, for each copy ordered. 
T Bill me later for $3.95. plus $.89 to cover delivery and | 
handling charges. for each copy ordered 


Name —.. 
Address —__.__.. 
city 


BOOK NO. 113 


_ State zp — | 
of Canadian Postal Exchange | 
Money back within 10 days if not fully satisfied. 


20 YOUR OWN CONCRETE 
WORK AND GET PRO 
RESULTS EVERY TIME 


AN ORIGINAL 
POPULAR SCIENCE BOOK 


ELE) 


and labor.. 


Want to put a concrete 
atio in your backyard? Lay up a brick wall? Put in a 
'and new driveway? 

Do these and dozens of other jobs with the detailed 
ep-by-step instructions in HOW TO WORK WITH 
ONCRETE AND MASONRY. 

First, you learn the all-important skill of building 
rms ~ the secret of any good concrete job. Build 
em level, square and strong with this book at your 


le. 

Then find out everything you need to know about 
ansit-mix versus making your own concrete, how to 
'der cement, mix it, cure it, pour it, trowel it and make 


teresting designs and textures. Over 200 how-to 
otos (plus many drawings). 
POPULAR SCIENCE BOOKS 
Box 2018, Latham, N.Y. 12111 


~ 


YOURS FOR ONLY 


-—— —4 Take this 


| SIMALL GAS- 


ERIGI) 


EA POPULAR 
ul 
E SCIENCE 

BOOK 


Save money 


COLLEGE Students! — Improve your 
grades catalog 3 LS 


TRetündable! arch, 
Los Amicles, 90025. (213) 411-826. 


Prophet Elijah Coming 
Megiddo Mission, Dept. 


FREE BOOK. 
Before Christ. 


Thurston Road, Rochester, NY 


fin Sarnpeling 
prices send 


$ 
M 


$1.00 for information packet to: Miracle 
Trampolines, 1188 Simanton Rd. Ash- 
land. 8 
E cor Aliv Stronger; $3.50. 
Bridges, Box 4415P, Holbwood, FL 
33083 
LOSE WEIGHT permanently!! EFFORT- 
fad dicts, drugs, or 
REE! Institute-S. 


Billings. NY 12840. 


$495 


í POPULAR SCIENCE BOOKS 
Box 2018, Latham, N.Y. 12111 
Please rush —____ 
ENGINES (No, 113) to me. 
O l enclose $12.95, plus $1.85 to cover delivery and han- 
dling charges, for each copy ordered. 
C Bill me later for $12.95, plus $1.85 to cover delivery and 
handling charges. for fered. 


Book 
for 


Name. 


NEED 
CREDIT 


CARDS 
MASTERCARD/VISA 
NO CREDIT CHECK FREE DETAILS 
BANK CHECK 
54 CROWNVIEW e BOX 854 
DEPT. PS1, MT. VERNON, IL 62864 


107 HEARING AIDS 


HUGE SAVINGS, r 
markup, Free Trial. 
sale, or ps, Arranged.  Lloyds-PSC, 
Rockford, IL 61104. 

NEW - Hei ring. Aids, Batteries, 
gount | Prices, Free „details. 
Rhodes, Dept, 69, Brookport, 
nois 62910. 


HEARING AIDS 


PRICE CATALOG FREE! 
SUPER SAVINGS! Newest. Fin 
pes. Buy DIRECT & save up 
ALF! No salesmen. Sold bj 
q AIR MAIL on HOME TRIAL. FREI 
Catalog. Write: MONEYSAVERS, 
I| Dept, PS-1D, 9530 Langdon Ave 
Sepulveda, Cal. 91343 
ot sold in Californi 
V Not sold in Calif 


copy (ies) of SMALL GAS 


ich copy ordered. 


Address. 


State. 


or Canadian Postal eaa 


Get more power, life, and 
performance from your power 
mowers, snow blowers, chain 


10 days without charge. 


engine. 


repair illustrations. 


Keep all your small gas engine machines working perfectly 
for years—you'll find out how with the help in this book. 
This great guide, with nearly 300 giant-size pages packed 
. with solid how-to information, is yours to read and use for 
on parts, shop 
repairs, costly 
replacements 


Fix your broken rotary power mower right on the spot. 
Give your well-worn chain saw amazing new zip. Keep your 
snow blower in mint condition season after season. 

Learn how to service the ignition and starting systems, 
the fuel system and carburetor. How to do expert lubrica- 
tion inside and out. How to dismantle the cylinder housing. 
Even how to completely overhaul and reassemble your 


You can do it all—even without experience—because 
this book simplifies all the functions, parts and systems of 
every small gas engine you're ever likely to own. Clear, 
detailed text and over 400 drawings, assembly diagrams, 


POPULAR SCIENCE BOOKS - Box 2018, Latham, N.Y. 12111 


saws, all your small gas engines! 
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Popular 


101 Educational Comic Book This comic by 
Radio Shack features Superman, Supergirl, and 

IS-80 computers. Suggested for use as moti- 
vational teaching aids in reading and computer 
science. Free 


existing door frames. Benefits include 
d security, added beauty, and an 
ly-saving tax credit. From General Prod- 
ucts Co. 20€ 


103 Car-Audio Folder This full-color folder 
features Pioneer's full line of car stereos, com- 
ponent car stereos, car speakers, and portable 
cassette recorders. Free 


104 Stop Rear-End Sag Informative 12-page 
brochure by Mood explains how to combat rear- 
end sag with CarGo Coil. Ensures safe handling 
and riding. Free 


105 Brickettes They're perfect for covering a 
kitchen or family-room wall, or for building a 
fireplace and hearth. Pamphlet from Modern 
Methods shows the different kiln-fired bricks 
available. Free 


106 Home Comfort Systems This folder fea- 
tures Amana's energy-: ig central cooling 
and heating systems including heat pumps, ai 
conditioners, furnaces, and electric/gas cooling- 
heating units. Free. 


107 Games for Micro-Computers Automated 
Simulation's 1981 color catalog describes a vari- 
ety of challenging games that can be used on 
your TRS-80, Apple, or Pet computer. Free 


108 Hitch Guide Learn how to choose the 
right hitch for your towing need. Guide from U- 
Haul includes a chart of recommended trailer- 
and-hitch combinations. Free 


109 Outside Basement Entry Booklet from 
the Bilco Co. includes complete instructions on 
how to break through a foundation and build a 
block stai Il for direct access to your base- 
ment from outside. Free 


110 B & D Consumer Products Catalog Black 
& Decker shows its complete line of consumer 
power tools, power-tool accessories, trade 
tools, and lawn, garden, and household prod- 
ucts. $1 
pete ssss<= 


product 
[xe [- 3416-3 information 


111 Knife Know-How A new, revised 16-page 
edition of Al Buck's famous "Knife Know-How” 

klet gives tips on effective knife selection 
and knife care. Free 


112 Auto-Sound Antenna The Spirit by 
Avanti measurably reduces car-radio noise, 
static, and "picket-fence" fading. A booklet 
describes the antenna, which has greater range 
and mounts quickly—no tools necessary. Free 


113 Tools for the Mechanic A 24-page catal. 

of hand tools from Channellock, Inc., gives full 

information about its precision cutting pliers, 

edcweble wrenches, screwdrivers, and more. 
ree 


114 Electronic Speed Control Literature de- 
scribes the safety, comfort, and economy of 
Dana's Speedostat. It's easy to install and oper- 
ate in almost any car. Free 


115 Energy-Saving Ideas Deflect-o's bro- 

chure includes many energy-saving tips, such 

ae how to get extra heat from your clothes dryer. 
ree 


116 Heat-Pump Water Heater Booklet de- 
scribes a heat pump that brings you tremen- 
dous savings on water heating. The pump at- 
taches to your present water heater. Free 


117 Quality Motoring Accessories Twelve- 
page color brochure describes Electrodyne's 
imported automotive accessories. It includes 
peelication: information and part numbers. 
ree 


118 Mini Motor Homes Literature from Jam- 
boree describes these fiberglass motor homes— 
one of the few bargains still around, says the 
company. Also included: information about 
Jamboree Rallye mini motor home, priced even 
lower, 25¢ 


119 Pipe Huggers 
ityoursetfer " described in Frelen's booklet, 
which contains a handy pipe gauge for easily 
determining pipe sizes. Free 


Pipe insulation for the do- 


120 Chain-Saw Sharpener You need never 
have a dull chain saw again. Sixteen-page leaf- 
let describes the advantages of the use-any- 
where Gamn'Chain-Saw Sharpener. Free 


- FILL IN COUPON AND MAIL TODAY = e =» =s mmm 
POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 


Booklets, catalogs, and folders listed below pro- 
vide reliable information, illustrations, and spec- 
ifications to help you in planning the purchase of 
a variety of products or services offered by these 
dependable companies. The convenient order 
form will save you time and postage. 


121 Brazing Torches Brochures describe two 
new general-purpose and industrial brazing 

torches that produce flame temperatures of up. 

to 3,700 deg. F. lah pesformance and safety 

Tenue are described. From General Regulator. 
ree 


122 Lawn Tractors Color catalog from Gilson 
shows its latest eight- to 11-hp lawn tractors and 
attachments, and an all-new collector system 
and quick-change mower deck. Free 


123 Tractors Colorful brochure from Mi 
shi ibes its full line of small and mid-size ' 
tractors for the gardener or gentleman farmer 
and for grounds-maintenance use. Includes 
details about applications, features, and acces- | 
sories. Free 


bi- 


124 Fireplace Color catalog describes the en-' 
ergy-engineered fireplace of the '80's from Hea- 
tilator. Includes information on the factory-built ' 
heat-circulating fireplace and Insulstack chim- 
ney systems. 25e ! 


125 Walk Mowers The full-color 1981 
Snapper Walk Mower brochure describes the, 
performance of several Snapper mowers, in- | 
cluding the Snapper 19-in. and 20-in. Free | 


126 Low-Cost Digital Multimeters This 16-' 

page, full-color brochure features Fluke's com- | 

plete line of series-D multimeters and accesso- | 

ries, with prices starting at $125. They are ideal 

for service technicians, home hobbyists, stu- 

dente and working engineers, says the maker. 
ree 


127 Energy-Saving Tips It is important to use! 


home appliances wisely and efficiently for 
energy conservation. In this six-page booklet, 
Maytag gives some helpful energy-saving sug- 


dime on the antenna is worth a dollar in the, 
transceiver." Microwave Filter Co.'s catalog, 
describes personal-communication antenna 
components of all kinds. 50€ 


129 Heat Machine Brochure from Unique| 
Functional Products explains how an energy-' 
wasting fireplace can be converted into an effi- 
cient heating system, generating 50,000 Btu per; 
hour with a three-log fire. Free 


130 Play Olympic Golf Whispering Palm: 
Golf and Country Club in Rancho Sante Fe, 
Calif., offers a new playing-range concept d 
peip you sharpen your shot-making skills. 
ree 


THIS COUPON EXPIRES MARCH 31, 1982 ! 


Note: Poputar Science Massachusetts address is for Product Information only. Subscription inquiries should L 
l| — be directed to the address at the foot of the table-of-contents page. [ 
i Please send the items checked below. | am enclosing $1 handling charge 

(any number of items) plus amount required for priced items. 1 AM ENCLOSING H 
[] iced i 1 
© 101 C 106 am D 16 o 121 t 126 $ fof peleador - 
i © 102 20¢ CO 107 o 112 o 117 o 122 o 127 $1 for handling n 
I © 103 o 108 o 113 D 118 25¢ O 123 o 128 50€ 

o 104 o 109 o 114 o 119 C 124 25¢ (0 129 $ TOTAL REMITTANCE í 
I aO 105 D 110 $1 D 115 o 120 o 125 o 130 1 
! Name (please print). t 
E Address City & State Zip i 
L Please send cash, check, or money order made out to POPULAR SCIENCE. 

No stamps or foreign currency. Allow approximately six-weeks' delivery. POPULAR SCIENCE JANUARY 1982 
[ID ———— eee eee eee 

_ 142 | Pi R SCIENCE 


[A new-size, high-quality pickup. The 
new Chevy S-10 is longer than the 
import pickups and smaller than full- 


wice the towing power of the 
imports with available V6. An 
pptional 2.8 Liter V6 and optional 
leavy-Duty Towing Package let a 
properly equipped Chevy S-10 haul 
p to 4,000 Ibs., including trailer 
and cargo. What's more, a Heavy- 
uty Payload option lets Chevy S-10 
aul bigger payloads than many 
ull-size pickups. 


Phevy S-10, shown with optional Tahoe trim, 
h Cinnamon Red. 


Higher gas mileage ratings than 
any of the best-selling import trucks. 
The S-105 standard 1.9 Liter four- 
cylinder engine has some very im- 
pressive gas mileage ratings. 


49 STATES CALIFORNIA 
39 40 


Use estimated MPG for compar- 
isons. Your mileage may differ de- 
pending on speed, distance, weather. 
Mileage will be less in heavy city traffic. 
Actual highway mileage lower. 

Some Chevrolet trucks are 
equipped with engines produced by 
other GM divisions, subsidiaries, 
or affiliated companies worldwide. 
See your dealer for details. 


Totally new Chevy S-10. There's 
never been a truck like it before. 

A great combination of features. High 
mileage. Available V6. Big payload 
and towing capacity. Quality fit and 
finish. Roomy cab. Smooth ride. 
Double-wall construction. There's 
never been a truck like it before. 


DON'T WAIT. ORDER YOURS TODAY. 


4 


CHEVY IS THE POWER 
IN TRUCKS. 


c 1981 B&WT Co 


Warning: The Surgeon General Has Determined 
That Cigarette Smoking Is Dangerous to Your Health } 


15 mg, "tar", 1.2 mg. nicotine av. per cigarette, FTC Report May “81. 
g g per cig 


There's only = 
one way to 
play it... 


Wherever the music 

is hot, the taste is Kool. 
Because there's only one 
sensation this refreshing. 


